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Page 2.

In monograph are examined the bases of calculation and principles
of construction of communication systems through active Earth

satellites, intended for transmission of large number of telephone

conversations and television programs.

In book are presented questions, which relate to selection of

orbits of satellites, to calculation of levels of signals and

qualitative indices of communication channels with different mechods

of modulation. At the same time the analysis of the special features

of the joint operation of communication systems through ISZ [AES -

artificial earth satellite] and radio relay lines of sight in the

overall frequency band is given.

Monograph can be considered as introduction to complicated

problem of construction of contemporary communication systems through

ISZ. It is designed for the radio specialists and can be useful for

the students of the old courses of radio engineering departments and

graduate students.
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Page 3.

Preface.

Starting/launching by Soviet Union on 4 October, 1957, first

artificial Earth satellite (ISZ) was indicated real possibility of

using Earth satellites as relay stations. This accelerated the work

of Soviet and foreign scientists and engineers in the field of the

creation of new radiolink systems - communication systems through ISZ.

On 23 April, 1965, in Soviet Union were launched communication

satellite "Molniya-l", intended for transm3 ssion of large number of

telephone conversations, television programs (image arid sonic

accompaniment), telegraph and phototelegraphic signals [l].

Results of investigation and testing communication systems

through ISZ "Moiniya-l" and American communication satellites Telstar,

Syncoci and Intelsat showed that similar communication systents make it

possible to ensure high-quality transmission of television programs

and lnhrge number of telephone conversations up to considerable

distances. Therefore in recent years attention given to the

communication systems through ISZ grew considerably: the number of

stations, which by 1970 will be established/installed in different

countries, according to the data of the International Union oý

Electrical Communication, will equal 94 [2).

To special features of communication syst.ems through ISZ is
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devoted considerable quantity of literature, for example, work [1, 3,
iw

4, 5, 6, 7, 8, 9]. However, the information, available in those

enumerated and in other publications, proved to be separated and

presented insufficiently in detail, which hindered/hampered their use.

Interest in communication systems through ISZ showed advisability

of publishing book, in which would be examined and analyzed bases of

construction and characteristic features of such systems. At the same

time it was desirably systematize information along the communication

systems through ISZ. The proposed monograph is dedicated to the

solution of the enumerated problems.

Page 4.

During writing of book were taken into consideration work of manyw

Soviet and foreign authors, materials of International Radio

Consultative Committee (MKKR). The author considers it necessary to

note the high value of the labor of S. V. Borodich [10; 11; 12), V.

A. Smirnov [13) and B. R. Levin [14]. In the book some published

work of the author and materials set forth by the author when taking

courses at the Moscow electrical Institute of Communication are

included.

Many-sidedness of questions, which relate to communication

systems through ISZ, impedes their examination. In this work are

examined questions, in essence relating to the principles of

calculation and construction of the communication systems through ISZ
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~ during the active relaying of signals; reducing, relating to the

selection of diagrams and nodes of apparatus and equipment, they

cannot pretend to the completeness of presentation.

Book is intended for scientific and technical-engineering

workers, who carry out development and operation of communication

systems, and also to students of schools of higher education, which

specialize in region of connection/communication.

I consider it my pleasant duty to express appreciation to A. L.

Badalov and to Honored Scientist and Technologist, Doctor of Technical

Sciences Prof. B. P. Terent'yev for his advice, which was considered

during the writing of monograph. The author is very grateful to

S Candidate of Tech. Sciences Docent M. V. Nazi.rov for the valuable

observations, made with the survey of the manuscript.

Author expresses sincere gratitude to reviewer of thie bcol K. k.

Ogorodnikov for his extremely thorough examination of manuscript and

are important advice and observations.

Critical observations and wishes should be sent to address:

Moskva-tsentr, Chistoprudnyy bul'var, d. 2, izd. "Svyaz'".
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• Page 6.

Chapter 1.

Principles of the construction of communication systems through

artificial Earth satellites.

1.1. General information.

In communication systems through artificial Earth satellites

(ISZ), satellites perform role of relay station. Let us examine the

diagram of connection/communication, given in Fig. 1.1.1.

Here A and B - points/items, between which is established

communication, and straight lines AA' and fB' - tangents to surface

of Earth, at points A and B they are lines of horizon of these

points/items. From the figure it is evident that ISZ-l,

moving/driving along orbit MN, simultaneously can be observed in

points/items A and B only in the section of orbit A'-i' . During the

motion in this section the electromagnetic vibrations, emitted by the

antenna system of point/item A toward ISZ-l, are received as the

onboard radio equipment of satellite, and then immediately, after

amplification, they are headed in the direction of the Earth and they

can be accepted in point/item B.

Radiolink system in presence of onboard equipment is called

system with active relaying of signal or system with active satellite.
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System with active relaying of signal depending on orbit altitude•

and distance between correspondents can be carried out as system with

instantaneous relayiny (system on real time) and as system with

delayed relaying. During the transmission of identical with respect

to space communications/reports, for example, during the transmission

of television program, the communication system with tbt dElayed

relaying will have the wore elaborate complex of installed equipment,

than system with the instantaneous relaying, since in the latter is

not necessary equipment of the memory.
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b' HfC3-1 .A'

ISZ•

A, IN

Key: ( 1). Earth.

Page 7.

Let us examine case of moving satellite ISZ-2 along orbit mn
(Fig. 1.1.1) with this low altitude that it cannot simultaneously be

observed of points/items A and B (orbit altitude lower than point of

intersection line of horizon AA ' and BE'). It is obvious that the

signal, which enters the satellite ISZ-2, cannot be immediately

transmitted to correspondent B.

In this case radiolink system is fulfilled as follows:

satellite, flying above correspondent A, accepts

communications/reports, which after preliminary amplification are

supplied to onboard equipment of memory. Above point/item B on the

satellite is switched on onboard transmitter and is transmitted the

information, obtained by satellite from correspondent A. The start of



DOC = 86120401 PAGE 10

transmitter can be realized by supply of the special control signal,

emitted by correspondent B at the moment of the appearance of

satellite ISZ-2 in the visibility range, or by onboard program unit,

which calculates the satellite velocity on the basis of orbit, its

height/altitude and the distance between the correspondents.

Satellite ISZ-2 with equipment of memory is aboard called

satellite-messenger, and radiolink system, which uses such satellites

- by communication system with memory or communication system with

delayed relaying.

From apparently, more expedient for transmission of comparatively

* narrow-band signals - small number of telephone conversations or

telegraph information, since in this case equipment of memory is more

simple. In connection with this subsequently entire presentation will

be led in connection with systems with the instantaneous relaying of

communications/reports.

For transmission of communications/reports from point/item A to

point/item s can be proposed second method of radio communication,

with which on board satellite there will not be radio equipment, but

signals, sent from point/item A, will be reflected by surface of

satellite ISZ-l in direction of Earth without preliminary

amplification. In this case the signals in point/item B will be

weaker than in the first version, but with a sufficient antenna gain

and the sensitive receivers this method in a number of cases is
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Q applicable. The latter/last communication system is called the

communication system with the passive relaying or system with the

passive satellite. It can be carried out only with the immediate

relaying of signal, i.e., as system on real time.

One should mention that for purposes of simplification given

examination was conducted for case, when transmission of signals was

realized from one correspondent A to the next B. Transmission to the

reverse side is realized analogously.

Page 8.

Theoretically, communication satellites can utilize any orbits:

however, equatcrial circular orbit, distant from surface of Earth up

- to distance of approximately 36000 km, is most interesting. As it

will be shown below (see Chapter 2), when the direction of the motion

of satellites in this orbit coincides with the direction of rotation

of the Earth, to ground-based observer satellite will seem fixed

(stationary satellite).

During use of three stationary satellites, located in equatorial

plane at angle of 1200 (Fig. 1.1.2), possible to create a world-wide

communication system.

In this case from station at point I will be transmitted

ccImunications/reports to satellites ISZ-l and ISZ-2, and from them -

to the Earth. if we at point I! establish the receiving-transmitting
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station, which will relay program from ISZ-2 and ISZ-3, and the latter

will realize transmission in the direction of the Earth, then the

Scommunication/report transmitted from point I, can be accepted in any

place by terrestial globe (except the regions, which lie higher than

76.50 northern and south latitudes).

For realization of connection/communication from point Ii with

any point on terrestial globe, installation of ground relay station at

point I or III is necessary. During the transmission from point III

the satellites and grounr.-based repeaters at point I or II are

utilized. In this communication system can be used both the active

and passive relaying of signals.

Important advantage of connection/communication through

stationary satellites consists in the fact that reception and

transmission of signals can be realized with fixed ground-based

antennas. In all other cases are necessary more complicated mobile

antenna systems, and also special equipment of tracking or program

unit, which controls the motion of antenna. However, this

complication can be justified by simpler and cheaper starting systems

of satellite, by possibility of injection into orbit of satellite with

the large weight with the same rocket engines. This makes it possible

to increase a number of channels, relayed Dy satellite, or to raise

the reliability of connection/communication due to the installation on

board the more powerful transmitters3, the sensitive receivers or the

assemblies of stand-by.
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Together with this of communication system through satellites,

which move along inclined elliptical or circular orbits, they make it

possible to ensure connection/communication with any points on surface

of Earth, including with territories, which are located higher than

76.50 northern and south latitudes.

During comparison of orbits of satellites one should also note

that use of stationary satellites is allowed for correspondents, who

observe it simultaneously, to support long cortinuous bond.

I.

I.



DOC = 86120401 PAGE 14

Fig. 1.1.2. Diagram of connection/communication through ISZ.

Page 9.

Puring the use of transient satellites, the connection/communication

between correspondents A and B (Fig. 1.1.1) will be only in the

period of the motion of satellite on the section of orbit B'A'.

Guarantee of long continuous link with comparatively low orbits

is possible only with increase in number of satellites (Fig. 1.1.3).

In this case in each ground- based point/item must be established two

antennas a, and a2 , which can realize transmission and reception of

signals, utilizing one of the satellites, for example, ISZ-3, that is

located in the zone of the simultaneous visibility S'-A'. When ISZ-3

leaves the visibility range, connection/communication will be realized

with the aid of antennas a 2 and satellite ISZ-2. When satellite ISZ-2

leaves the visibility range, the transmission and the reception of

signals must be realized by means of the satellite ISZ-l and antennas

a1, directed toward this satellite and, etc. It is obvious that for

obtaining the continuous connection/communication the distance between

adjacent satellites must be less than the zone of simultaneous

visibility, so forth. A number of satellites with this form of
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communication is great. Depending on the distance between the

correspondents, heights/altitudes, forms also of orbit incl;nation

their number can oscillate from 10-12 to 40-50.

Communication system with several satellites can be botih with

active and with passive relaying of signals. Each of these methods

has their advantages and disadvantages. During the passive relaying

the strength of field in the sector of reception/procedure proves to

be very low, so that it requires the essential complication of the

ground-based equipment: the application of bulky antennas, powerful

transmitters and sensitive receivers with the parametric and molecular

amplifiers. However, due to the absence of onboard equipment,

repeater proves to be simpler, and system with the passive relaying

possesses larger reliability. Furthermore, as is noted in [i.1,

width of band of the relayed signals in this case is unlimited, since

the passive communications relays are lirear systems and therefore can

be used simultaneously in several lines connections/communications,

which work at different frequencies and with different power levels,

without interferences. Thus, obtaining new channels or lines of

communications requires only the construction of supplementary

terrestrial points/items or corresponding increase in the complex of

the terrestrial rece'ving-transmitting equipment.
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/

C-t -CJ 2 MCJJ CJ-4

\/
/

Af

Fig. 1.1.3. System with several ISZ.

Key: (1). Earth.

Page 10.

In contrast to this active repeaters have limited frequency and

dynamic range and, consequently, can be used for transmission only

specific numbers of signals.

Considerably best energy inaices, which make it possible to

utilize siwpier ground-based antennas and transmitters of smaller

power, are tmportant advantage of active relaying during transmission

of signals, wh.ch occupy large frequency band.

One should emphasize that physical special features of

communication systems with passive communications relays in principle

make it possible to carry out transmission of televis;ion and hundreds

of telephone signals. However, the level of contemporary technology

yet does not make it possible to realize these possibilities during
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the use of the means, compared with those, which are used during the

active relaying of signals. For this reason the cO....un.cat. systems

with thE passive relaying thus far can be utilized only for the

transmission of narrow-band signals, which very is in detail examined

in several experimental and theoretical works [1.2, 1.3, 1.4, 1.5,

1.6].

In description and during analysis of communication systems,

intended for transmission through ISZ of television or a large number

of telephone signals, which occupy large frequency band on video and

through group circuit, are television, subsequently we will proceed

from diagrams in Fig. 1.1.1 and 1.1.3, assuming use only of active

repeaters.

Let us examnine now most common block diagram of

connection/communication, between points/items A and B through YSZ,

shown in Fig. 1.1.4.
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8C

171I 

II I

I I
x, ,._ ... Id__

7--r -- ny m ------ - ---
LI g1 '7 ' 4va Ww'

Fig. 1.1.4. Common system block diagram of connection/communication

through ISZ.

Key: (1). Point.

Page 11.

Transmitted by subscribers 1, 2, ... , N signals, which can have

identical frequency spectra, are fed/conducted to equipment for

multiplexing channels AY. Designation/purpose of the latter - to

ensure transmission along one line of communications of several

signals. Systems for multiplexing channels with respect to frequency

and time at present extensively are used.

From AY oscillations are fed/conducted to modulator M of

transmitter fTY, in which is included transmitter HI. Then on the

feeder of transmitter 'P, the modulated oscillations/vibrations with a

carrier frequency of f, are emitted by that transmitting antenna A,,

toward ISZ.
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On board satellite of oscillation/vibration of carrier frequency

f, will be received by receiving antenna A,,p, and on feeder of onboard

receiver •.p6 they are conducted/supplied to input of receiver llp6.

After amplification and necessary conversions in the auxiliary

step/stage BC (for example, after transition/junction from the carrier

frequency f, for a lower frequency f 3 ) these oscillations/vibrations

will enter the input of onboard transmitter 176 and through feeder 0,%6

to the onboard transmitting antenna, which radiates in the direction

of the Earth oscillations/vibrations with frequency f 3.

Oscillations/vibrations of carrier frequency f 3 can be accepted

terrestrial of receiving antenna Ap and then to feeder 0,p they are

sent o input of receiver rip, which is part of complex of receiver npY.

After the passage of detector A the oscillations/vibrations are

fed/conducted to the equipment for the separation of channels AP, and

then proceed to correspondents.

Connection/communication from one point/item B to the next A is

similar examined; however, for preventing interferences it is

necessary to utilize other frequencies f 2 and f,. Thus, for the

duplex operation in systems of communication through ISZ are required

four frequencies.

From examination of Fig. 1.1.4 follows that during transmission

from point/item 5 to point/item A is utilized equipment, similar to

volume,- which is used for connection/communication in direction from A
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to B. Let us note that equipment for multiplexing AY and separation

of channels AP on each point/item enters into the general/common

complex of equipment for multiplexing KAY, moreover territorially

complex KAY can be placed both in immediate proximity of the

transmitting and receiver nlY and npY and at the considerable

removal/distance, In the latter case KAY must be connected with the

transmitting and receiving IfY and fipY, the appropriate cable or radio

relay lines.

At the same time it is important to note that all remaining

connecting lines (feeders 0..Ip) they must be as shortly as possible,

since in this case quality and reliability of connection/communication

is raised.

During the transmission of telephone conversations, diagram in

Fig. 1.1.4 must be supplemented by differential systems. The latter

provide transition/junction from the four-wire skeleton of complex of

equipment for multiplexing (two wires to AY, two wires from AP) to the

two-wire circuit (Fig. 1.1.5).

Page 12.

Fig. 1.1.5 of broken arrow shows passage of signal of subscriber,

located at point A. The speaking currents of this subscriber from

equipment AP come through AC only into the two-wire circuit, but also

are branched/shunted to AY, and then - along the line the

connections/communications are supplied back into point/item A to the oZ
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same subscriber. As a result the subscriber at point A will hear out

his speech in the form of the echo of signal in hand receiver. Echo

level of signal will be determined by the quality of

balanc:-;g/trimming AC.

Analogous to that examined during poor balancing of )IC at point A

echo signals will be heard by subscribers of point/item B.

Is especially noticeable echo signals as interferences, which

interfere with conversation, on lines of communications of large

extent, where between signal of subscriber and echo by signal is

obtained considerable time lag (several hundred milliseconds). Its

this value can be observed in the communicat.ion systems through the

satellite.

Let us emphasize that diagram in Fig. 1.1.4 allows for

possibility of operation of two terrestrial stations through one

communication satellite. Analogous diagrams can be used, also, for a

larger number of terrestrial stations. The communication system, in

which the communication satellite is utilized (it proves to be

available) for operation of several terrestrial stations, is called

the system of multistation communications or system with the

multistation access.

Installed equipment of satellite can be constructed according to

principle of single and multiplex operation. In the first case the

- -
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diagram of repeater is analogous to diagram in Fig. 1.1.4. Example of _

the multiplex operation of installed equipment - diagram in Fig.

1.1.6. In this case one and the same complex of installed equipment

simultaneously is utilized for relaying of the communications/reports

of two terrestrial stations; the reception of communications is

conducted at frequencies f, and f 2 , and transmission - at frequencies

f 3 and f,.

It is obvious that single and multiplex operation of repeater can

be realized not only with two Earth stations, but also with their any

number.
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"lac AC % "'JUMUN _ _ L Un

I I

Fig. 1.1.5. Connection of differential system.

Key: (1). Two-conductor line. (2). Point/'item. (3). Line of

communications.

Page 13.

In particular, the multiplex operation of equipment is possible in the

case of the transmission of signals only from one terrestrial station.

In this case the equipment component (antenna, amplifier, etc.) can

repeatedly be utilized for successive reception and transmission or

amplification of one and the same communication/report, if, certainly,

each time will be conducted the corresponding shift/shear of the

carrier frequency.

Thus, multiplex operation of equipment of repeater is in

principle possible both from one terrestrial station and in

multistation connection/communication.

Comparison of diagrams in Fig. 1.1.4 and 1.1.6 shows that with

multiplex operation number of elements, which make up communication

equipment of repeater, substantially decreases. However, the
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requirements, presented to the repeatedly working elements, prove to

be more complicated.

Let us note that multistation communication systems can be

constructed both with frequency separation of signals of those emitted

by terrestrial stations (in abbreviated form designated MCh), and with

temporary/time separation (MV). In the latter case through one

repeater successive operation of several Earth stations is realized.

Some questions, which relate to multistation systems and

multiplex operation, are examined in Chapter 12.

1.2. Terminology.

Terminology and definitions for many questions, which relate to

communication systems through ISZ, have at present been established.

Therefore are given below the definitions of some terms, whose part is

utilized in this book. Sign * noted the terms, which were accepted by

the X or XI Plenary assemblies of MKKR.

Active communication satellite * - satellite, in which for

connection/communication is utilized onboard radio station.

Deep space * - space at a distance, commensurate iiIti distance of

Moon or larger.

Terrestrial station * - station of space service,
arranged/located on surface of Earth (including stations on board ship>
or on mobile ground-based object) or on board aircraft.
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Fig. 1.1.6. Version of block diagram of relay.

Page 14.

Space service * - radio communication service:

- between terrestrial to by space stations;

- or between space stations;

- or between terrestrial stations, when signals are relayed by

space stations or are transmitted by means of reflection from objects,

which are found in space, eliminating reflection or scattering of

ionospheric or in limits earth's atmosphere.

Space station * - station of space service, arranged/located on

object, which is intended for shipment beyond limits of basic part of

earth's atmosphere either is located or was located beyond these

limits.

Spacecraft * - any type of space mears of movement, including

Earth satellites, probes of deep space etc., manned or unmanned.

Let us note that in the definition of spacecraft its

sizes/dimensions do not figure; therefore by spacecraft can be
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understood not only very large means of transportation in space, but

also objects with very small dimensions.

Multiple-synchronous satellites * - satellites, for which

sidereal period of orbit of fundamental body around its own axis into

whole number of times is more than average sidereal circling time of
ti satellite around fundamental body.

Weather service, which uses Earth satellites *.space service, in

which results of meteorological observations, carried out with the aid

of instruments, are established/installed henna Earth satellites, they

are transmitted to terrestrial stations from space stations of these

satellites.

Ground station - station of nonspace service.

Nonspace services * - general/common term, applied to any or to

all radio services, with exception of space service.

Orbital surface - surface, motion by which coincides with motion

of Earth, formed by traces (turns) of satellite for long time.

Passive satellite * - satellite, intended for relaying of

signals, scattered or reflected from it (into this concept they enter

tanks/balloons of type "EKhO", orbiting dipoles, Moon, etc.).

• .*
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Service or system of communications which uses Earth satellites

(ISZ) *- space service or radiolink system between terrestrial

stations, in which signals are relayed by many one or space stations

or are transmitted by reflection or scattering from objects, which are

found in orbit around Earth.

Page 15.

Service of radio broadcasting, which uses Earth satellites * -

space service, in which signals, transmitted either by space stations,

or by reflection or scaztering from objects, which are found in orbit

around Earth or are intended for direct reception by population.

Synchronous satellites * - satellites, for which average sidereal

period of orbit about fundamental body is equal to sidereal period of

orbit of fundamental body around its own axis (latter for earth/ground

it is approximately 23 hours of 56 min.).
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Chapter 2.

Motion of satellites and duration of periods of communication.

2.1. Motion of satellites.

Earth satellites can be launched on they are shaved, that are

characterized by following parameters:

a) by orbit inclination, i.e., by angle between equatorial plane

and orbital plane. In accordance with this there can be the

equatorial orbits (orbit inclination equal to zero), the polar orbits

(orbit inclination equal to 900) and inclined orbits (during any

other inclination);

b) by the shape of the orbit (circular or elliptical);

c) with orbit altitude above the surface of the Earth or the

distance from the orbit to the center of the Earth.

During motion of ISZ [HC3 - artificial earth satellite] on it

acts not only attraction c. Earth, but also gravitational field other

celestial body - Moon, sun, planets. Furthermore, the motion of

satellite depends on the crnponents of the gravitational force, which

-I
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appear as a result of the noncentral nature of the gravitational

field of the Earth, and also due to the force, which appears as a

result of the effect of magnetic field. During the motion of

satellite along the orbits with the low altitude essential effect

resists of the atmosphere.

Motion of satellite under effect of all enumerated forces will

endure disturbances/perturbations and deviations from trajectory,

determined, in the first approximation, only by attracting force of

Earth. The motion of satellites around the Earth is c-plained by

Kepler's laws. According to the first of them, one of the foci of the

elliptic orbit of satellite or center of circular orbit must be

located in the center of mass of the Earth. Hence follows that ISZ,

in contrast to the projectiles or the aircraft, cannot fly on any

trajectory above the surface of the Earth, but it can move only along

such orbit, whose plane compulsorily passes through the center of

mass of the Earth, in particular ISZ cannot move along any parallel

of terrestial globe, with exception of equator (equatorial orbit).

Page 17.

Let us determine speed of undisturbed motion of ISZ, which moves

along circular orbit with raCius of r, calculated off center of

Earth. In this case according to the known formula, which determines

the equilibrium of forces of gravity F,=k ý-- and centrifugal force
r•

V2

p.=v-Kwe will obtain:
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where

k=6.67.10' - constant of gravisly, cniV;s.

M - 5.974.1027 - mass of Virth, 31-

im - mass of ISZ, e,.

vK- circular velooaity of motion of ISZ, c:I/s.

Expression for circular velocity can I-e c.egistered on other,

using value of circular velocity v. of hypothetical satellite, which

moves along circular orbit with radius, equal to radius of Earth

R=6.4.10' cm. A

Taking into account, given above values, let us find v.=7.9.101

cm/s; after substitution we will obtain

v. = 7.9.10O/7, cm/s. (2.1.2)

Taking into account value R and passing from dimensionality in-

centimeters to kilometers, let us find

630 km/s. (2.1.3)

*'n.-w-v- --- t=-- - - - - - -- -,
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Value v,,, which is called orbital velocity, with increase in r is

reduced.

Period of orbit of ISZ, which moves along circular orbit with

radius of r, can be found from expression
r•- •"(2.1.4)

Taking into account value corrected above for v, let us find

T. = 10- 2 V , S = 1,66. 10• -r mrin. (2.1.5)

For hypothetical satellite, which moves along circular orbit

with radius, equal to equatorial radius of Earth, period of orbit

T,=84.4 min or 5064 s.

Upon consideration of value T0 circling time of satellite along

circular orbit can be registered in the form

T= (2.1.6)

where R=6400 km are radius of Earth.

Page 18.

Let us note that in all resulting expressions radius of orbit of

satellite can be expressed through radius R Earth and orbit altitude

above surface I Earth: in this case it is obvious that px4viously

introduced value of radius of orbit r=R+H.
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Table 2.1.1 gives values, which determine period of orbit T, and

speed v, of satellite, which moves along circular orbit of radius r,

which corresponds to height/altitude above surface of Earth H=r-6400

km.

In accordance with data of rable 2.1.1)Fig. 2.1.1 gives

dependences v,, and T,, on height/altitude H.

Angular satellite velocity along circular orbit can be

determined according to expression

I!, rad/s. (2.1.7)

Upon consideration of expressions (2.1.4) and (2.1.3)

630 a

-a-s -(2--.1--.8--)
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Table 2.1.1.

6400 0 84,4 7,9
6900 500 94,5 7,62

7400 1000 105 7,35

11400 5000 201,2 5,92
13 40G 7000 256,5 5,41

16 400 10000 349 4,93

26600 20200 720 3,80
36400 30000 1117 3,3
42270 25870 1440 (24 'aca) 3,06
46400 40000 1654 2,9'2

56400 50000 2231 2,66
106 400 100000 5784 !..4

Key: (1). min. (2). km/s. (3). hour.

:0
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Fig. 2.1.1. Dependence v. and T. on orbit altitude.

Key: (1). min ... km/s. (2). Days.
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L Let us pass to examination of fundamental principles, which

determine motion of satellite according to elliptic orbit, Fig.

2.1.2.

For describing elliptic orbit following fixed points and lines

usually are used:

- perigee altitude fJ. - distance from Earth to nearest point of

orbit,

- apogee altitude H, - distance from Earth to outermost point

of orbit,

- line of apsides - line, 'hich connects apogee points and
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perigee,

- semimajor axis of orbit a - distance, equal to half of length

of line of apsides:

rA + r.
a- 2

Here

rA - distance from the center of the Earth to the apogee,

rH - distance from the center of the Earth to the periee,

c - the focal length (see Fig. 2.1.2),

e - orbit eccentricity, defined as the ratio of focal length to

the semimajor axis, i.e.
e c rA -- rII 219

_____=*(2.1.9)

Position ISZ in orbit is characterized by true anomaly 0, which

is determined by angle between line, which connects center of Earth

with perigee and line, drawn from center of Earth into that point of

orbit, in which is located ISZ. True anomaly is counted off from the

line, which connects the focus of orbit and perigee point in the

direction of motion of ISZ (see Fig. 2.1.2). At the same time the

position of ISZ can be characterized by eccentric anomaly E,

determined by the angle between the lines, which connect the center

of elliptic orbit with the perigee point and point p, which is found

in conditional circular orbit of radius a. Point p is obtained as a

result of the intersection of circular orbit with the straight line,

perpendicular to the line of apsides Anl (AP) and passing through that

point in the elliptic orbit, in which at the moment of time in

question is located the satellite.
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Fig. 2.1.2. Orbital parameters.

Key: (1). Earth.
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True anomaly and eccentric anomaly are connected with following

a *. equ.

or
Coas a E--a (2.1.11)

I--,ME

Sometimes for describing motion of ISZ is used auxiliary

parameter, called mean anomalyo•p. Mean anomaly •o• is determined by

the value of arc, which the satellite after the passage of perigee

would describe, if it moved evenly along the conditional circular

orbit of radius a, completing the complete revolution in the same
time, as during the motion along the elliptic orbit.
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Average/mean angular velocity of ISZ during its predicted motion

alonq" circular orbit indicated will be

krn,

where T. - period of orbit of ISZ along elliptic orbit. Since the

motion of ISZ along the conditional circular orbit is assumed to be

uniform, it is possible to register

t. here corresponds to moment of time, at which ISZ passes

perigee point.

Between mean anomaly and eccentric anomaly there is following

relationship/ratio:

E =O+e sin 0cp + -L- sin 20., (2.1.13)
2

Let us now move on to determination of velocity of motion of ISZ

from elliptic orbit. From the formulas in [2.11 we obtain
-/ 1 + 2e cm s+ (2--14V, = V/I l--e " (2.1.14)

Taking into account that for apogee of orbit cos5A=--, and for

perigee cos•n =1, let us find

'vI e .1 (2.1•.15)

u =it i

[ •.• Thus, in apogee satellite has minimum speed, and in perigee-
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greatest. Consequently, during the use of ISZ as the repeater the

velocity of the motion of the terrestrial antenna, which tracks for

ISZ, will be smallest during the use of a section of orbit near the

apogee. This is evident from the graphs Fig. 2.1.3, which are

constructed according to expression (2.1.14) for values of e=0.1;

0.5, and 0.8. Let us note that values v,, can be determined according

to expression (2.1.3) during replace-ent of r on a.

Page 21.

All given above formulas determine absolute value of satellite

velocity in circular and elliptic orbits without taking into account

motion of Earth. The satellite velocity relative to the surface of

Earth v1, will be equal to the vector difference

F"= R
1 

- -V.-

here of •' - projection on the surface of the Earth the velocity

vector of satellite, and ýv - vector of the linear speed of daily

rotation of that point in the Earth, for which is projected/designed

the satellite. Value V' is determined from formulas (2.1.2) and

(2.1.14), and direction is located through the location of satellite

in orbit and its inclination. Vector - is directed along the

parallel of the Earth from the west to the east, and its value
2n Rs 2n 640cos•== .4cos km/s, moreover ý is determined the

S24.60.-6
latitude of point on the surface of the Earth, for which is

projected/designed the satellite.
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During calculations of motion of satellites according to

elliptic orbits, is frequently necessary knowledge of distance r

between satellite and center of Earth (radius-vector). Radius-vector

is connected with the orbital parameters with following

relationship/ratio [2.1):
rn (I +u e) rA 0I- Z)

r== 1+(Io (2.1.16)

Time of motion of satellite of one point of orbit into another

point can be found from expression
Es- l,=E- E, - e (sin .61 - sin Ell • 2.I I7

__- EgEuli Vsi ie . (2.1.17)
6,32.105

Circling time of satellite is determined by third law of Kepler.

Using it, let us find the circling time of satellite along the

elliptic orbit with the semimajor axis a

T= To(-j)31 '. (2.1.18)
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Fig. 2.1.3. Dependence of velocity with different value of

eccentricity from bottom 0.
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Circling times of satellite T, and T, are cailed sidereal or

star; they do not depend on motion of satellite relative to Earth and

prove to be identical for satellites, which move at one

height/altitude along polar and equatorial orbits. The circling time

of satellite; calculated by observer, who is located on the Earth,

will depend on the parameters of orbit, direction of the motion of

satellite relative to the Earth and will not coincide with the

sidereal period. This difference will be especially sharp for the

satellites, which move along the equatorial orbits.

Circling time of satellite T Earth for ground-based observer can

be found from expression

_i24.60 I
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Here i - dip angle, and r - circling time of satellite,

expressed in minutes and determined by expression (2.1.6) or

(2.1.18). Minus sign in this expression relates to the case, when the

projection of the velocity vector of satellite on the equatorial

plane coincides in the direction with the velocity vector of the

rotation of the Earth; otherwise minus sign should be replaced by

plus sign. During the motion of satellites along the circular

equatorial orbits of radius r in the direction of rotation of the

Earth we will obtain

T= To ()3/2 (84 (i-)32 5

(2..120)
Relationships/ratios between rounded by orbit altitude and value

of sidereal and observed period of satellite, which moves along

circ'ilar equatorial orbit in direction west-east (i.e. in direction

of motion of Earth), designed according to expression (2.1.20), are

given in fable 2.1.2.

As already mentioned, during motion of satellite along

equatorial orbit with height/altitude of about 36000 km in direction

of rotation of Earth, for observer in Earth satellite will seem

fixed.
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Table 2.1.2.

.Bu a I lep,,A. qacm (z)

1700 2,0 2,18
10400 6.0 8,0
14000 8,0 12,0

20200 12 24
.36000 24,0 B e "ou b,

TUX Xax CBYT•K
CTAOBUPHUA

Key: (1). Orbit altitude km. (2). Period, hours. (3). sidereal. (4).

observed. (5). Infinity, since satellite, stationary.
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Comparison of starting/launching of satellites in elliptical and

circular orbits shows that removal of satellite to elliptic orbits

proves to be more simply and requires smaller expenditure of energy

(fuel/propellant). Furthermore, with the identical circling times of

satellite around the Earth in the case of motion along the circular

and elliptic orbits the ratio of the time of the visibility of

satellite from the Earth to the circling time of satellite can prove

to be considerably greater during the motion of ISZ along the

elliptic orbits. This is confirmed by Fig. 2.1.3. Actually, if we

take r=a, then according to (2.1.6) and (2.1.18) we will obtain

T,--T-. The curvesof Fig. 2.1.3, show that with an increase in

eccentricity e the satellite velocity in the field of view, which is

chiosen close to the apogee point (for example, in limits of
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1200<4)<2400), will be considerably less than the satellite velocity

along the circular orbit with a radius of r=a (for circular orbit

e=0,-2==! and it does not depend on angle 0). Consequently, the

section of orbit in the field of view will be travelled in the

smaller interval of time 7 in such a case, when satellite moves along

the circular orbit. Since was accepted T,=-T, is obvious -L<-I-. Thus,
T_• T3

the duration of period of communication under these conditions will

be greater in the case of applying the elliptic orbits.

During selection of orbit altitude and hum of orbit inclination

one should take into account that on heights/altitudes approximately

between 2000 km and 20000 km from surface of Earth in region of

latitudes of ±600 is located radiation belt. During the motion of

satellite in this belt/zone serious disturbances/breakdowns in the

work of onboard radio-electronic equipment can occur, furthermore,

during the motion in the region of radiation signal level on the line

satellite - the Earth will sharply vary even during one revolution of

satellite, which will require more complicated receiving and antenna

systems on the Earth and on board ISZ.

Greater orbit altitudes have advantage with respect to

scope/coverage by connection/communication of greater areas; quantity

of satellites, required for realization of continuous

connection/communication, in this case is decreased. However, an
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increase in altitude of orbits causes the complication of

ground-based and installed equipment. Consequently, the selection of

orbit altitude must be produced taking into account many factors.

During subsequent analysis of communication systems through ISZ,

besides previously enumerated parameters, which characterize position

of orbit and motion of satellites relative to Earth, it is expedient

to introduce into examination following (Fig. 2.1.4):

- ascending node of orbit (B = V) - point, at which orbit

intersects equatorial plane upon transfer ISZ from southern

hemisphere into north,

- descending unit of orbit (H = N) - point, at which orbit

intersects equatorial plane upon transfer from northern hemisphere to

south,

- nodal line (BH = VN ) - line, which connects ascending and

descending units,

- projection of orbit on surface of Earth - A'B'II'Ht (A'B'P'N').
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Let us note that orbit inclination i, determined by angle

between equatorial plane and orbital plane, varies from zero to

±1800, positive values corresponding to ascending node, and negative

- descending.

Parameters, which characterize motion of satellite, can be

- de cend ng. 

IN s
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changed under effect of different factors. The effect of the

disturbances/perturbations, caused by the gravitational fields of the

sun and Moon, first of all, is exhibited in change in altitude of

perigee, which, depending on the location of orbit relative to the

sun and the Moon, can be reduced or increase [2.1). Finally, the

disturbances/perturbations, caused by a difference in the form of the

Earth from the form of sphere, change the orientation of orbit,

leading to the continuous rotation of orbit around the rotational

axis of the Earth (precession of the nodal line of orbit and the

rotation of line of apsides). The latter causes the angular

displacement of perigee point relative to the ascending node. The

• precession of the nodal line and perigee of the orbit conversely

proportional to semimajor axis is proportional to eccentricity. It is

interesting to note that the procession of nodal line is equal to

zero for the orbit with inclination i=90 0 , and with i=63.5 0 zero

rotation of line of apsides are equal to.

Transit of satellite relative to Earth is accepted also to

characterize by projection of trajectory of motion of satellite on

surface of Earth, i.e., by geocentric projection of trajectory. The

position of geocentric projection the trajectories of the motion of

* satellite or geocentric projection of satellite orbit path are

connected with the elements of orbit with the equality

tgC=tgisin(o t+A),), (2.1.21)
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where • - the instantaneous value of the geocentric latitude of
satellite, m' - the total angular rate of rotation of the Earth and

precession of orbit, t - time of flight of ISZ from the ascending

node of orbit to the point in question, and AX is determined by

difference in longitude of the point of orbit and longitude/length of

ascending node A. in question.
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IqI

Fig. 2.1.4. Elements of elliptic orbit: A and n - apogee dnd perigee,

A ' and n ' - projection A and U on surface of Earth; B and H -

ascending and descending units of orbit; B ' and H ' - projection B

and H on surface of Earth; w - angular distance of perigee from

ascending node b - true anomaly, i - orbit inclination.

Key: (1). Equator. (2). Orbit. (3). Earth.
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From expression (2.1.21) it follows that geocentric projection

of satellite orbit path with orbit inclination, equal to Z, will

contain region of latitudes from ý=-i to ý=+i. Fig. 2.1.5 shows the

geocentric projection of the satellite orbit path, which moves along

the circular inclined orbit with the period of orbit T,,.5 h with

value of i=30 0 . Let us note that in accordance with (2.1.21) the

amount of the bias/displacement of the geocentric projection of each



DOC = 86120402 PAGE V/ Y

subsequent satellite orbit path on the longitude/length, relative to

the projection of the previous turn, cornprises

consequently, .-- Xl,-•=, T.

Here n - number of satellite orbit path, and T - orbital period.

Designating A,--A4,-1=6, we will obtain

6= oT. (2.1.22)

From expression (2.1.22) it follows that with increase in

circling time of satellite bias/displacement of projection of

adjacent turns 6 increases. In this case, taking into account the

direction of rotation of the Earth, it is possible to say that the

prcjection of each subseqdent turn is displaceu to the west. With

T==724 h without taking into account the precession of orbit,

2During the 1olonged motion of the satellite of the

projection of many turns they will be a large number of the

"sinusoidal" curves, similar to those shown in Fig. 2.1.5, shifted

value 6. These curves with the long time of observations fill entire

region of latitudes with boundaries of ý=±i.

Let us note that in the case of moving satellites in equatorial

orbit (i=0) geocentric projections of all turns will coincide with

equator of Earth.
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During motion of satellites along polar orbits (i=ir/2) of

projection of turns they will contain entire region of latitudes from

north to souCh pole. In this case, if the circling time of satellite

to the period of the orbit of the Earth, projection of turns will

multiple present closed curve. The latter is shown in Fig. 2.1.6 a id

2.1.7 [2.10J for the satellites, which move along the polar circular

orbits with the period of orbit 4 h and 12 h (orbit altitude with

respect to 6360 km and 20200 km). In these figures, made in the form

of polar coordinate grid of the Earth, the projections of satellite

orbit paths are ',hown and their numbering is given.

Principle of construction of geocentric projections of satellite

orbit paths is clarified in Appendix 1. Let us note, that during the

motion of satellites 3long the orbits with chis low altitude that the

period of their orbit is considerably less than the period of the

orbit of the Earth, the geocentric projections o, che satellite orbit

paths, which move along the circular and elliptic orbits with the

identical inclination, will barely differ from each other.



DOC =86120402 PAGE ( L

Page 26.

20 0 20 1A0 60 80 100 t20 1 40 16 W5 160 141) 120 100 80 60 40 2

M - I144.- ------------1. 1 '- I400i

70--f 79-- 5

480 -4- L--4-i-~4-+--+ 8

Pag 27.

During~ ~~~~~~~~~~X moio ofstlieaogobt wt9ihattdwe

cicigtm0fstllt rvst ecmenuaewt eido

orIt ofErh eceti rjciosoaelteobtpts

whih ovealng irula ad eliticorit, wil cosdeal

diffe fromeach ther



DOC = 86120402 PAGE

For simplification in further examination of special features of

communication systems through ISZ it is expedient to introduce

concept of orbital surface, by which we will understand surface,

motion by which coincides with motion of Earth, formed by traces of

turns of ISZ for long time. Thus, during the motion of satellite

along the circular polar orbits with a height/altitude H orbital

surface will be the sphere, whose radius is equal to a radius of

orbit.

During motion of satellite along multiple-synchronous polar

orbits orbital surface will be degenerated into group of lines,

similar to those shown in Fig. 2.1.6 and 2.1.7. If satellite will

move along the equatorial circular or elliptic orbits, orbital

stirface will degenerate respectively into the line, which is

circle/circumference or ellipse, lying/horizontal at are equatorial

the plane, and in the case of stationary satellite orbital surface is

degenerated into the point, which is located in equatorial plane and

coincides with the position of satellite in the space.
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Fig. 2.j.6. Fig. 2.1.7.

Fig. 2.1.6. Projection of satellite orbit paths with i=90* with

period of 4 h.

Fig. 2.1.7. Projection of satellite orbit paths with i=900 with

period of 12 h.

Page 28.

During motion of satellite along circular orbits with

height/altitude H and inclination, equal to i, orbital surface will

be determined by part of spherical surface, limited by planes k'c"

and c'k" (see Fig. 2.1.8), coordinate of latitude of which is equal

to ý,=ic N and ,=-io S respectively.

During motion of satellite along elliptic orbit with inclination

(without taking into account disturbances/perturbations) orbital

surface will take form of ellipsoid, limited by planes, coordinate of

latitude of which is equal to ý,=i* N and ý,=-io S respectively.
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2.2. Region of survey/coverage and the zone of coupling.

For determining of zone, in which is possible observation of

satellite, and consequently also radio communication with it, let us

consider Fig. 2.2.1, where three terrestrial stations A, B and g,

which are located in plane of circular orbit of satellite with

height/altittude H, are shown. We will consider that the observation

of the satellite, which moves in direction C,C2 C,, from the st','tions

A, B and A can be realized not from tVe lines of horizon, which for

each point/item are shown by dotted line, but beginning from some

P •. angles of elevation (occasionally referred to as angles of

elevation), equal to p.

Thus, region, which lies proto-in station in question, limited

by lines of sight, drawn at angles A to line of horizon, can be named

region of survey/coverage or radio field of view of this station. For

A station the boundaries of the region of survey/coverage, which

coincide with the plane of drawing, Fig. 2.2.1, will be lines AC, and

AC4 .

-%iý
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Fig. 2.1.8. Cross section of orbital surface by plane of inclined

orbit.

Key: (1). NL. (2). Orbital plane. (3). Orbital surface. (4). Equator.

(5). SL. (6). Earth.
Page 29.

for the station A of one of the boundaries of the region of

survey/coverage thR straight line AC, is. Thus, the establishment of

radio communication between points/items A and A through the

satellite possibly only then, when satellite will be located at point

C,, i.e., when it will prove to be simultaneously visible from

point/item A and A. Obvious also that the simultaneous observation of

satellite from points/items A and B, arranged/located on the closer

distance than points/items A and A, it is possible in such cases,

when satellite will be located in section CCC, of orbit. The
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boundaries of this section of orbit are determined by the mutual

overlap of the regions of the survey/coverage of points/items A and

B. Therefore it is possible to say that section C2CC, of orbit is

the zone of the simultaneous connection/communication of satellite

with points/items A and B or the zone of the coupling of points/items

A and B through the satellite. In accordance with this the zone of

the coupling of points/items A and R will be determined by the point

of contact of tangency C. of the regions of the survey/coverage of

these points/items. Let us note that in the case of moving the

satellite along the orbit with a height/altitude less H, the

connection/communication between points/items A and g to scale of

1P single time will generally prove to be impossible. Thus, for

points/items A and A orbit altitude H is the minimum height/altitude,

at which is still possible setting connection/communication.
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b'... Fig. 2.2.1. To determination of visibility range cf satellite.

Key: (1). orbit. (2). Earth.

Page 30.

For points/items A and B the minimum orbit altitude of satellite H'

is determined by point M, at which intersect the boundary lines AC,

and SC,. Let us find the geometric relationships/ratios, which

characterize the conmmunication system with the minimum value of orbit

altitude H. From examination AOAC,, Fig. 2.2ýI, it follows:

Y, arc sin L -• rad, (2 .2.1)"

7+

7I

7 v L -(+) ad 222
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I = ýj AR 2aR, icm, (2.2.3)

L =ACt = sin a R__L±H s (2.2.4)
Iam Y Cos~

Here Ra6400 km - radius of Earth.

One should note that angle 2a determines angular dimension of

region of survey/coverage of station, and value I is equal to maximum

distance between stations, with which is possible setting

connection/communication during motion of satellite along circular

orbit with height/altitude H. The greatest distance between the

station and the satellite is determined by value L, and angle 27

characterizes the sizes/dimensions of the region of survey/coverage

from the satellite during its motion at the height/altitude H,

In order to represent order of magnitudes, determined by

resulting expressions, in Fig. 2.2.2 is constructed dependence L, I

and 27 on height/altitude of circular orbit H with value of angle of

elevation A=0.

We use obtained results for case of stationary satellites. In

this case, after taking A=50, from expression (2.2.1) let us find

that 27=170. This means that in the strictly positive seat of the

antenna of satellite in the space the expansion of the antenna

radiation pattern is more than value of 27=170 inexpediently, since
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it will not lead to an increase in the region of survey/coverage from

the satellite. Under the same conditions from (2.2.2) it is possible

to determine that a=90o-(8.5%+5o)=76.50. Consequently, in the

communication system with the stationary satellite at the angle of

elevation of 9=50 setting connection/communication with any

points/items, which lie higher than 76.50 N or S proves to be

impossible. For the realization of connection/communication with the

points/items, which are located near the poles of the Earth, i.e.,

lying it is higher than the latitudes indicated, should be chosen

inclined or polar orbits.
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Fig. 2.2.2. Dependence of parameters of line of communications on

orbit altitude.
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Fig. 2.2.3 shows E .zes/dimensions of regions of survey/coverage

of satellites, which move along equatorial orbits with different

height/altitude, for angles of elevation, equal to 0 and by 100. Fig.

2.2.4 shows a change in the regions of the survey/coverage of

stationary satellites at different angles of elevation.

Passing to more detailed examination of zone of mutual

visibility, let us turn to Fig. 2.2.5, on which are depicted

terrestrial stations A and E and spherical orbital surface, which

corresponds to motion of satellites along circular polar orbits.

We will consider that in antennas of stations A and B very narrow-,

radiation patterns, and antennas can be directed to all points of

spaces, angles of elevation of which exceed certain angle p.

Therefore the antenna A station can be directed to any point of zone

A, of orbital surface, and the antenna of station B - at any point of

zone B,.

Thus, zone A, and B, - region of survey/coverage for stations A

and B. Let us agree to call the zone, common to for several regions

of survey/coverage, the zone of overlap; Fig. 2.2.5 shows it by dense

shading. That part of the zone of the overlap of stations, through

which is passed the satellite, can be the zone of coupling. As it

follows from the following, the zone of overlap and the zone of

coupling (or respectively their geocentric projections) sometimes V
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.'• substantially are distinguished both by the area and by the layout.

Sizes/dimensions of zone of overlap are determined by

geographical reference of stations A and B, and also by

size./dimensions of regions of survey/coverage, i.e., by boundaries,

in limits of which is possible atid is expedient displacement/movement

of ground-based antennas. During the motion along the polar orbits

the satellite can fall into any point of spherical surface; therefore

in this case the zone of overlap is simultaneously and the zone of

coupling. During the motion of satellite along the orbit with

inclination i the zone of coupling can prove to be the part of the

zone of overlap. Taking into account the afcresaid in the examination

of Fig. 2.1.8, we will obtain that with orbit inclination, equal i,

'• the zone of the coupling of stations A and B will be determined by the

figure Fig. 2.2.5 in the form of spherical triangle abc, whose sides

ac and bc define the boundaries themselves of the regions of the

survey/coverage of stations A and B, and side ab - parallel ý=+i.

Definition of zone of coupling examined is correct with

undirected receiving and transmitting antennas of satellite or with

very wide radiation patterns. In the case, when the angle 0, which

characterizes the width of the major lobe/lug of the radiation

. patterns of the onboard antennas, proves to be close in the value to

angles 2yt, 2 2 ...... 2 V (at which terrestrial stations "are visible" from

the satellite, which is located at different points on the boundaries

of the zone of overlap, see Fig. 2.2.1), for the definition of the



DOC =86120403 PAGE ( &Z

zone of coupling it is necessary to consider, besides e, and the

angle, which characterizes error in the orientation of onboard

antennas relative to terrestrial stations.
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Fig. 2.2.4. Map/chart of zone, operated by stationary satellite, at

different angles of elevation [3.3].
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It is obvious that in these cases the zone of coupling decreases in

the sizes/dimensions and it will differ significantly from the zone of

overlap.

With following presentation we will count width of radiation

pattern of on-board antennas to be so large that takiig into account

errors in orientation it exceeds values of angles 2 V,. 22,n., 2V, on
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boundaries of the region of survey/coverage. This means that the

antenna of satellite contains terrestrial stations of all points of

that part of the zone of overlap, in'which can be located the

satellite.

Determination of analytical expression, which determines

coordinates of zone of coupling or by its geocentric of projections,

sufficiently labor-consuming problem. Expressions obtained in this

case are bulky and inconvenient for the practical use.

For determining geocentric projection of zone of coupling it is

most expedient to use the graphic method. Let us consider the order

of construction. First on the globe or the map/chart around each

station the geocentric projections of the regions of survey/coverage

will be plotted. The latter are circles with radius r 0 , which can be

found in accor. -ce with Fig. 2.2.1 from the expression

re=R.

Substituting expressions (2.2.2) and (2.2.1) we will obtain

r. , -! (r i ý ') 225
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Fig. 2.2.5. Region of mutual visibility.

Key: (1). Parallel of •0 NL. (2). Zone of overlap. (3). Zone.

(4). Equatorial plane (parallel with latitude of 00). (5). Earth.

(6). Orbital surface. (7). Parallel with •° SL.
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Let us note that during plotting of projections of regions of

survey/coverage on geographical maps/charts, it is necessary to

consider scale change in different sections of map/chart, caused by

special features of projection, accepted during its compilation.

After the projections of the regions of survey/coverage are replaced,

on the figure, formed by the mutual overlap of several zones of

survey/coverage, are noted two parallels, whose latitude is equal to

the dip angle of orbit. The region, which lies within the projection

of the region of the overlap and the parallels indicated, will be the

geocentric projection of the zone of coupling.
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Fig. 2.2.6. Geocentric projections of zones of coupling.
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As example Fig. 2.2.6 shows geocentric projections of regions of

survey/coverage for stations A and B and A ' and B'. For the

satellite, which moves along the polar orbit by the geocentric

projections of the zone of coupling, there will be regions mcnpdq and

m'n'p'q'; for the satellite, which moves along the orbit with



DOC = 86120403 PAGE

inclination i, shaded regions. C

During motion of satellite in equatorial orbit geocentric

projection of any satellite orbit path will coincide with equator.

Hence follows that if the geocentric projection of the zone of overlap

does not contain equator, the connection/communication of the stations

through a satellite which moves along equatorial orbits, it is

impossible at any orbit altitude. To this case corresponds an example

A stations and B', Fig. 2.2.6.

On geocentric projections of zones of mutual visibility they can

be replaced to projection of turns, along which moves satellite.

Taking into account expression (2.1.22) and Fig. 2.1.5, it is possible•

to say that the projections of turns in the geocentric projection of

the zone of coupling take the form Fig. 2.2.7 and 2.2.8. Let us note

that if the circling time of satellite is not multiple to the period

of the orbit of the Earth or if satellite moves not along the

equatorial orbits, then with the sufficiently large duration of the

time of the observation of the projection of the ascending sections of

turns (or the analogously descending turns) they will completely fill

the zone of coupling.
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Fig. 2.2.7. Geocentric projections of satellite Qrbit paths with

orbit with inclination.

Key: (1). Boundaries of the projections of the regions of

survey/coverage. (2). Equator.

Fig. 2.2.8. Geocentric projections of satellite orbit paths with

orbit with inclination.

Key: (1). Boundaries of the projections of the regions of

survey/coverage. (2). Equator.
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2.3. Duration and the probability of periods of communication.

Wi V



DOC = 86120403 PAGE

Duration of period of communication Al,.1 between two terrestrial

stations is determined time interval, during which satellite passes

zone of coupling. During the motion of satellite along the circular

orbit the speed of its motion is constant, consequently, the duration

of period of communication during one circling time of satellite will

be determined by the extent of that part of the turn, which is located

in the zone of coupling.

Taking into account Fig. 2.2.7 and 2.2.8, it is possible to say

that for eath circling time of satellite along inclined or polar orbit

extent of that part of turn, which falls into zone of mutual

visibility, will different and vary from zero (when turn does not pass

through zone of coupling) to certain maximum value h•. In accordance

with this the duration of period of communication will also vary from

zero to the certain maximum value

A te Ic Make (2.3.1)

here vp - the satellite velocity. In the case of the circular orbit

A t . .. = MaCi _. uam R + U (2.3.2)

Here ! - extent of geocentric projection of turnADuring the

motion of satellite along the equatorial orbit, and also along a

repeatedly synchronous inclined or polar orbit, the trajectory of the

motion of satellite in the space they will coincide. Therefore -alue

A1 will prove to be identical for each period of orbit (for each

turn).
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Duration of period of communication Ate. on any turn can be

determined according to expression

- t, 1 R I-If (2.3.3)
uii R

where 1, or I1 they find graphically through extent of part of turn in

zone of coupling or its geocentric projection in projection of this

zone.

During motion of satellite along circular orbit v=v, it is

constant. During the motion of satellite along the elliptic orbit its

speed v is changed; therefore its value in the zone of coupling will

depend on the position of this zone relative to perigee.

Page 38.

Together with parameter AtcuMuttc important characteristics of

system of connection/communication through ISZ - average/mean value of

probability of connection/communication at use of one satellite in

prolonged period of observation T.. The value indicated can be found

from the expression

P (1) (2.3.4)

Here t,, - indicates total time of duration of all periods of

communication for time T. which considerably exceeds circling time of

satellite.

i!V.
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For determination of t•= we will use Fig. 2.3.1. Are here shown

turns, on which the satellite moves in the zone of coupling. With the

long time of observation the turns will evenly cover/coat the zone of

coupling, moreover the distance between the nearest turns, measured

along the parallel, is equal to 6. Let us isolate in the zone of

coupling along one of the parallels with latitude t, the elementary

strip with an extent of A(ta) and angular dimension da. Then in the

limits of this strip the extent of the part of turn 1=(R+H)da, and

number of turns, which evenly cover/coat this strip n=A(P('.)6

Consequently, the time, during which the satellite is within the

limits of the chosen strip,

1n =nR+Hda = -Aq(C) (R+H)da (2.3.5)
V u B v

In limit, with very long time of observation, turns will fill

entire zone of coupling.
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Fig. 2.3.1. Determination of probability of coupli..g.

Key: (1). Parallel. (2). Turns.
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O Consequently, the total time, during which the satellite will pass

this zone, being located only on those ascending or only in the

descending sections of turns, will be determined by the area of zone,

i.e.

ag,)
A t R da (2.3.6)

Here AQ (•) - function, which determines change in extent of zone

of mutual visibility along parallels, which are located on latitudes

with coordinates ý. Let us note that values a and ý are connected

with a certain function, examined in Appendix 2. Integration limits

must be undertaken on the angle a, which corresponds to a change in

the latitude from , to •.

-@- ~ l. -.. .-----
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If we consider only ascending (or only descending) sections of

projections of turns, it is possible to draw conclusion that they will

cross half of equator. If angular distance between adjacent turns is

equal 6,, then number of intersections of equator with the projections

of the ascending (or descending) sections of turns will comprise

n , =•r/6. We will consider that the duration of one period of

revolution of satellite is equal to T, then the time of the

observation

T.=-nT = I-2 T. (2.3.7)

Substituting latter/last two expressions in (2.3.4), let us find

p(01) =~d =(2.3.8)
aT

Expression (2.3.8) is correct for orbits of different form. In

the case of the elliptic orbits of value v and H it follows to

consider it different in the different sections of the zone of

coupling.

For circular orbits periods of orbit T-=T1 . and values H and

v=v-- are constant and therefore they can be carried out as integral

sign. Taking into account expression (2.1.4), and also that r=R+H,

for the circular orbit we will obtain

p( =A-o()da. (2.3.9)2at



DOC = 86120403 PAGE ý( /%0

After using results of appendix 2, let us replace angtilar

dimension of da with angular dimension, calculated along meridian dý.

After thE substitution of expression (n.2.1) instead of (2.3.9) we

will obtain

C'
.( 1) r AT(QCs (C) d C (2.3.10)

2nj i' l -sn1-sins

Page 40.

Here , and 5 - in accordance with Fig. 2.3.1 - limiting values

of latitudes on edges of zone of coupling or its geocentric

projection, and i - orbit inclination of satellite. If satellite

*• moves along the equatorial orbit i=0, value Aq (•)=A is determined

by the segment of equator in the zone of coupling. In this case we

will obtain

PK0)= _ . (2.3.11)

Let us note that with ,=-i and ý2=i, expression (2.3.10) leads

to uncertainty/indeterminacy.

Calculation of integral (2.3.10) in first case can be carried out

in accordance with application/Appendix 2 on formula

(1 L +J-2.,- A q(C)coscdC + AAi(qi)-BA W(i- 2, 5 -), (2.3.12)2R2 J Y ifn-si -- s in 2F

where A and B coefficients, which depend on dip angle i and determined

• according to graphs Fig. 2.3.2.
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One should note that value p(l) can be defined not only as

average/mean value of probability of connection/communication during

wide interval of time of observations, but also as ratio of-

-average/mean value of time of connection/communication to circling

Ltime of satellite around Earth. The latter follows from the

substitution of expression (2.3.7) in (2.3.4); actually, with this

substitution

k( Ica - - (2.3.13)

P,()-il_
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Fig. 2.3.2. Values of coefficients of A and B from orbit inclination.
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Furthermore, taking into account that in circular orbits the satellite

velocity is constant, after the multiplication of numerator and

denominator of latter/last expression on v,, we obtain

Icat cPVK - C Ica

I) = (2.3.14)

where h, - the mean pathlength of satellite in the zone of coupling,

and I=Tvv-=-2x(R+H) - extent of the circular orbit of satellite.

Thus, on the b,,sis (2.3.14) value p(l) characterizes the ratio of the

average/mean path, passed by satellite in the zone of couplinq, to the

extent of orbit.

Consider .... numtber of works is devoted to determination of value

p,,(I1). Thus, f,-r example, in article [2.6] is given the following

expression foi7 determination p,111) during the motion of sate2lites from
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the polar orbits of radius r=R+H, when p=0:

a _R sec () sec' T+ V (f t9 O) 9 () + Sec T) -- (R sec 0 tg 6 sec •1=
(secs f+ tg' 0) r

All values entering this expression, are shown in Fig. 2.3.3,

moreover 28 is determined angle, at which intersect planes, tangents

to surface of Earth in locations of stations A and B.

SS
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Fig. 2.3.3. To determination of region of mutual visibility.

Fig. 2.3.4. Dependence p,.(i) on distance between terrestrial points.
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Solution of this expression for orbits height/altitude of 2800

km, 9200 km and 37000 km is given in Fio. 2..;,.q as dependence p,,(1) on

distance between points/items A and B.

Character of change in value p4() at different angles of

elevation is 1-isiblf- based on example, line of communications

Maine-London (Fig. 2.3.5 [2.7)) with extent about 6000 km, passing

almost along 500 N. This calculation is carried out for the

satellite, which moves along the polar circular orbit with a

heigb+/a2.titude of 11000 km.
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Fig. 2.3.5. Fig. 2.3.6.

Fig. 2.3.5. Dependence P.M] on angle of elevation: orbit polar

H=11000 km, route - almost parallel to 500 N, extent of approximately

6000 km.

Fig. 2.3.6. To determination of optimum inclination.
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Fig. 2.3.7. Determination of optimum inclination.

Fig. 2.3.8. Value p. (!) with distance between points/items 4000 km.

,• Key: (1). Distance between the points/items 4000 km.

Page 43.

Very careful calculations p,,() for circular orbits with

height/altitude of 1800-9000 km in the case of routes of different

extent and differently arranged/located relative to orbital plane are

.arried out in works [2.8, 2.3). The results of work [2.8) are given

in Table 2.3.1 for different location of route and orbit inclination.

During calculations of Table 2.3.1 orbit altitude is considered equal

to 9000 km, the distance between the message centers over the surface

of the Earth - 5000 km, the angle of elevation of A=5 . Line the

connections/communications of different direction, given in Table

2.3.1 under numbers 1.1-1.5, are clarified by Fig. 2.3.6, and the

L lines of commui~ications 2.1-2.5 - Fig. 2.3.7.
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Fig. 2.3.8 and 2.3.9 give results of calculating dependence p,(I)

on height/altitude of circular orbits with inclination 0, 65 and 900

for case, when both points/items of route are arranged/located on 560

N and at a distance of 4000 km (Fig. 2.3.8) and 8000 km (Fig. 2.3.9)

from each other. On the basis of Table 2.3.1 and Fig. 2.3.8 it is

possible to draw the general/common conclusion: the optimum value of

orbit inclination is determined by the location of route relative to

the zone of overlap. For those stations, the zones of overlap of which

are located predominantly in equatorial regions, optimum orbit will

have an inclination, equal to zero, when the zone of coupling is

distant from the equator, optimum orbit it will be polar.
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@ Table 2.3.1.

"?"' 2 )IYroAYII4BoI)

3.1 -- 90 0 0,24
45 0,16
90 0,10

1.2 -60 0 0,20
45 0,15
9o 0,10

1.3 0 0 0,06
45 0,11
90 0,20

1.4 60 0 0
45 0,10
90 0,21

1.5 90 0 0
45 0,11
90 0,22

2.1 -90 0 0,3
45 0,14
90 0,10

2.2 -60 0 0,25
45 0,15
90 0,09

2.3 0 0 0,19
45 0,15
90 0,10

2.4 60 0 0,16
45 0,1490 0,11

2.5 90 0 0
45 0,15
90 0,11

Key: (1). Line. (2). Angle between line of communications and

equator.
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a 10 Al 30 40 50 N.•

Fig. 2.3.9. Value p. (I) with distance between points/items 8000 km.

Key: (1). Distance between the points/items 8000 km.
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Now let us determine number of satellites n, necessary for

providing connection/communication during assigned part of m of total

time of observations T,, In this case we will consider that the total

time is sufficiently great (Tu.>T, where T - circling time of

satellite), and satellites are distributed in the space according to

the random law. It is obvious that in the zone of overlap at some

moments of time simultaneously can be observed one or several

satellites, and at other moments of time - one.

Since p(l) is determined average/mean value of probability of

determination of one satellite in zone of overlaD for time T,., it is

possible to say that average/mean value of probability of fact that in

zone of overlap for the same time it will be not one satellite, is

equal
q(1)(= 2.316)
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Taking into account random distribution in space of n satellites,

and also independence-of their appearance in region of overlap, let us

find probability of fact that none of these satellites is located in

region of overlap. This probability

q(n) = II-p(0)1". (2.3.17)

It is obvious that probability q(n) will determine that part of

time T,b during which connection/communication between points/items

will be absent, i.e.

1-m= q(n)=[l-p(l)1". (2.3.18)

Hence let us find necessary number of satellites, with which

connection/communication will be provided during assigned part of m of

total time

n= Ig(I-m) (2.3.19)

Fig. 2.3.10 gives graphic dependences, calculated according to

expression (2.3.19).

From expression (2.3.18) it follows also that part of time,

during which connection/communication is ensured, at least, through

one satellite,

m,= 1-11--p(1)I". (2.3.20)

Determination of dependence of value m with increase in number of

V
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satellites is of interest. This dependence, calculated according to

expression (2.3.20) when for a certain value of n value rnm=09, i9S

given in the form of Table 2.3.2.

Let us determine now probability that part of time, during which

in region of overlap is more than k will be simultaneously found from

n satellites, if probability of determination in thiz region of one

satellite (any of number n) is known and equal to p(1)=p 1 .

Page 45.

For solving this question should be used theorem about repetition

of experiments [2.9). From it it follows that the probability of

appearance in the region of overlap d from n satellites

4.. ~pd = C•/dp(1 __, 4(2.3.21)

Here C =- is determined number of combinations of n

elements on d, moreover Cq=n, jrC,"--Cn =-.-

Ccnsequently, probability oi appearance in region of overlapping

number -f satellites is less than value k

I,=k--I

(d < k) = p_ .,P'= , pi (I--p,)nI-. (2.3.22)
--I

If we take in-to account also that probability of absence in

region of overlapping at least one of n satellites is determined by

expression (2.3.17), it is possible to find probability of the

presence in region of overlap of k or more satellites with their total
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number being n. It is obvious the this probability will also

determine probability in of tb.s revl7zation of the

connect-ion/communication thi k or larter number of satellites.

Thus, upon consideration 7f -ex=vs__Ions (2.3.17 and (2.3.22)

-- I
r = I -f[/7;d-</k)±--qz(.•.]- ! - V C•,p{ (--pi)'-I" (2.3.23)

J-0

Taking into account relati-ornship/ratio (2.3.21) for different

values of p, it is possible to construct dependence mh on probability

of realization of connection/communication at least through one

salt elli•te m,.
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Table 2.3.2.

' I I ~ I"• ucaqo cnyrmniol n' 2rn M 44s

tlacm Bpemem m,
B TelIHe KTo.-
poP. o6ecneqmaaer-
Wc cBaRu 0,9 0,99 0,999 0,9999

Key: (1). Number of satellites. (2). Part of time m, during which

is ensured connect ion/communication.

log

30 ,

* \i

.29

PI ai a q o' 0. 'I5 0.7 48,0(1)

Fig. 2.3.10. Number of satellites, which ensure assigned reliability

of connection/communication m.

Page 46.

Thus, value mh characterizes that part of the time, during which in

the system of the n satellites is possible the redundancy of the

connection/communication through k or larger number of satellites,

which are located in the region of coupling..

Calculations In,, as functions m, with p,=p(l)=0.18 are given in

Fig. 2.3.11. As it is noted in [2.7), with change p(l) within some

limits value m, is changed insignificantly; therefore the dependences(.

Fig. 2.3.11 it is possible to use when 0.05<p(l)<0.3.
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4HS9 43S3~ 95355

0,956fi it,4

/ •.9'If

Fig. 2.2.11. Dependence of mh on m• with number of satellites k in

zone of mutual visibility.
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Chapter 3.

Signal level at the input of receiver.

3.1. Initial positions.

Indices of communication systems, which use ISZ, are to a

considerable extent determined by ratio of signal level to noise at

the input of receiver. Correct selection of this relation upon

consideration of its possible changes - one of the fundamental

factors, which determine the technical-economic effectiveness of the

communication system, and also its noise immunity and reliability. Let•

us examine the schematic of the channel of communication (with extent

of L) of Fig. 3.1.1, in which are shown the transmitter rI, receiver

rip, transmitting and receiving antennas A. and A,1•0 characterized by

effective surfaces Su and S,.p and maximum values of amplification

factor with respect to isstropic emitter G,, and G.p (taking into

account the efiect of fairing).

Antennas are connected with receiver and transmitter by feeders

Oa and Pu, through filters 4) (band or separating), efficiency of

filters and attenuation of filters are designated through non p,
respectively. Attenuation of the signal in the communications secn-

considering the antenna isotropic (not directed) is designated by

In this figure Pa defines the power output of the transmitter ana Pup

- the power of the signal at the receiver input. Besides the sigrn-i.

interference and noise act at the input of the receiver, the powers i-

these are Px and Pu , respectively.
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1101

Fig. 3.1.1. Schematic of communication channel.

Page 48.

Let us designate by symbols without index of "0" absolute power

coefficients (W) and attenuation length either amplification (number

of times), and by symbols with index "0" - power levels relative to

one W (dBW) and attenuation length or amplifications, expressed in dB.

Then for the channel of communication, Fig. 3.1.1, the power of signal

at the input of receiver can be found from the relationships/ratios:

"•B2 -z (3.1.1)

Bb, blaop( ),Kp (3.-.2)o G(8 np (0) 'Cnoj

or

Po. = Po,--Bo,, (3.1.3)
Box= B0--1Ga (8) + Go p (0)] + b 01n + bolfp + -o•. + so0 ,.,--•n,(3.1.4)

IS04, --- 101geva ; 6 1, = - 'I (3.1.5)

e 101g96.; 1 = . (3.1.6)

Here B. - total weakening of signal between output of transmitter

and input of receiver;

8 - angle between direction of maximum gain and direction to

correspondent (Fig. 3.1.2);
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Kon .- value of polarizationzl losses, caused by nonidentity of

polarizational characteristics of antennas and by change in plane of

polarization, caused by Faraday effect.

Below, in Section 3.2, we examine the reasons for weakening of

signal in free space; in Section 3.3 fundamental parameters of

antennas are given, and in Section 3.4 polarizational losses taking

into account Faraday effect are determined. The attenuation of filter

bD depends not only on its construction/design and conductivity of

material, from which it is prepared, but -!so from the tuning

precision of filter to the band of signal frequencies; in Section 3.5

the determination of drift, caused by the Doppler effect, is given.

Let us note that during determination of by, and bl,, it is necessary

to also ccnsider frequency stability of transmitter.
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L•} un.a# 4eD'iu°

M g/• .a ;(ppeC'Wff-

Fig. 3.1.2. Determination of angle 8.

Key: (2). Maximum emission. (2). Direction to correspondent.
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3.2. Weakening signal in the section between the antennas.

Total weakenino B of signal in saction of

0• connection/communication with passage from transmitting to receiving

antenna is determined by expression

B = BCbB. or B0, = B.+B,.- (3.2.1)

Here B,, - weakening signal with the passage of free space, when as

the transmitting and receiving antenna hypothetical isotropic emitters

are examined, &nd B. - fading signal in transit through the Earth's

atmosphere, moreover B,>>B. Ore should note thbt expression (3.2.1)

does not consider signal fading during the propagation, since usually

in the communication systems through ISZ with the work with

comparatively large angles of elevation of fading yirtually they are

absent. The latter is confirmed by the comparison of the theoretical

and experimental values of signal levels.
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Value Bcs can be determined on formula

Here L - distance between antennas, in,

S- wavelength, m.

Let us switch over to determination of value Ba. With the passage

of the radio waves through the atmosphere it is necessary to consider

the absorption of their energy by the atmosphere in the absence of

precipitation B and absorption, caused by precipitation, B'. Thus,

B,=B, B or passing to decibels Boa=Bý+BL. As is known, the

atmosphere possesses the frequency-dependent properties: the

oscillations/vibrations of some frequencies noticeably are

weakened/attenuated. The theoretical dependence of attenuation BL in

the atmosphere on the frequency in the absence of precipitation has

two sharply pronounced maximums £3.11. The first, at frequencies of

around 22 GHz, is explained by resonance absorption in the water

vapors, and the second, at the frequency of 60 GHz, by resonance

absorption in oxygen [3.2].

Attenuation length depends -rn continuously changing state of

atinosphere'and on path length of radio waves in the atmosphere.

Consequently, absorption will be minimum at the angle of elevation of

A=90*, and maximum with the values A, close to zero. During the

determination of attenuation a certain role plays the height/altitude Y'



DOCC 86120404 PAGE X

of station above sea level, since it, just as value 1, characterizes

the path length of radio waves in the atmosphere.

Page 50.

For the determination of attenuation in, uncontaminated atmosphere

of area with moderate humidity in the absence of precipitation in

report of MKKR [3.3] are given theoretical curves of Fig. 3.2.1, at

13=9 0 . Attenuation for other angles of elevation can be determined

according to the expression

B = Bý (90') a, A1 (3.2.3)

Here Bý (900) - attenuation in the atmosphere for vertical route

(9=900), which is determined according to curves of Fig. 3.2.1, and a

- coefficient, not depending on frequency. The value of this

,• coefficient depending on angle of elevation 1 is found from Table

3.2.1 [3.3).

One should note that, according to [3.3), curves 3.2.1 and data

of Table 3.2.1 carry preliminary character.

It is necessary to say that work [3.1) gives theoretical

attenuation lengths Bý (Fig. 3.2.2), differing somewhat from those,

which are obtained at a rate of formula 3.23, recommended by MKKR.

The differences indicated, apparently, are explained by the procedure

of the calculation of these losses.
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Fig. 3.2.1. Attenuation in the atmosphere ,ithout precipitation- A -

station at the level of sea, B - station on 2 km is higher thaen sea

level.

Key: (1). dB. (2). Angle of elevation. (?'. GHz.

Table 3.2.1.

00jIo 11 o I 13o 40150 17,50 10013009goo

80 40 25 1811 11 1'l 75 5, 2 1

Page 51.

Fading signal in the atmosphere, caused by rain, by clouds and by

fog in section with length of I km and in transit through radome, can

be found from expression

Ber, = 601+ Bd m (ate.4)

" ~~Here value 6, determines attenuation in precipitation on route •••
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with extent of . km and it cn be determined according to Fig. 3.2.3

[3.3, 3.4), and value B., characterizes losses, determined by passage

of electromagnetic energy through s ielding radio-transparent radome,

covered with layer of water.

value I, in expression (3.2.4), in the case of A=900 can be

undertaken equal from 3 to 10 km. At Pq900 value I is determined by

the extenz of region, ir which falls precipitation. With the drizzling

and moderate rains such regions can have sizes/dimensions to 1000 km

into the length and fro.7 30 to 300-400 km into the width. In the case

of showers the sizes/dimensions of regions compose tens of km into the

length and width.
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Fig. 3.2.2. A~ttenuati~or in the atmosphere without precipitation.

Key: (1). dB. (2). Resonance. (3). Angle of elevation. (4).

GHz.
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One should note that precision determination of attenuation in

nrecipitation becomes complicated by fact that at identical rainfall

"ntenitydistribution of drops in value can be differently. The

dependences Fig. 3.2.3 correspond to the, typical distribution of drops

in the value in the continuous rain.

In order to determine percentage of time, during which occurs

this fading of signal in the atmosphere, caused by precipitation, are ;
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necessary statistical data about horizontal and vertical extent of

rains, thickness of clouds and distribution of cloud cover. The

evaluation, based on the statistic study of clouds [3.3) and rains of

South England, at A=50 at the frequency of 4 GHz, shows that the

attenuation, exceeded during 1% of the time of observations, is

approximately 0.25 dB with the rain and about 0.7 dB with the clouds.

Value B0. is located according to graphs/curves of Fig. 3.2.4

[3.11]. Dependences are designed on the basis of works £3.12 and

3.13]; in this case solid lines in the figure showed losses in a layer

of the water, which covers-fairing during the perpendIicular

incidence/drop in the energy, and broken - joint losses, caused not

only by a layer of water by thickness K, but also by the fairing, made

from the material with a thickness of about 1.5 mm with the dielectric

constant e=3-i 0.045.
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I A

3 5 - 10 25 30 50

Fig. 3.2.3. Attenuation, caused by precipitation on route 1 km: A -

attenuation with rain 0.25 mm/h (drizzling rain), B - attenuation with

rain 1 mm/h (weak rain), C - attenuation with rain 4 mm/h (moderate

rain), D - attenuation with rain 16 mm/h (strong rain), E -

attenuation with rain 100 mm/h (shower), F - attenuation with fog or

cloudiness 0.032 g/m' (visibility >600 m), G - attenuation with fog or

cloudiness 0.32 g/ml (visibility -120 m), H - attenuation with fog or

cloudiness 2.3 g/m3 (visibility -30 m).

Key: (1). dB/km. (2). f, GHz.
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Fig. 3.2.5 gives experimental dependence of losses due to wet

cap/hood for rain of different intensity, taken for antenna in Andover

[3.14) at frequency of 4000 MHz. One should note that depending bn

the climatic conditions, and also on form and material of fairing, by

which is determined the thickness of the layer of water on it,

magnitude of losses, caused by fairing, can differ somewhat from the
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dependence Fig. 3.2.5.

Taking into account everything said, with substitution into

expression (3.2.1) of values, determined (3.2.2), (3.2.3) and (3.2.4),

we will obtain

Be= 20]g (!)B (90") a + 6j + B0o. (3.2.5)

During determination of direction of makidlum antenna radiation it

is necessary to consider atmospheric refraction, i.e., deviation of

direction of radio beam from straight line. This phenomenon more

strongly is developed at small angles of increase and does not depend

on frequency in the range 0.1-10 GHz [3.3].
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Fig. 3.2.4. Losses, determined by wet fairing.

Key: (1). dB. (2). GHz. (3). K, mm.
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Depending on angle of elevation A the average/mean value of a change

in the angle of incidence of radio beam is determined according to

graph/curve, Fig. 3.2.6 [3.31. From the curves it follows that the

error in the angle of arrival of radio beam when /3 of more than 50

proves to be low (less than 0.20). Nevertheless this value for the

antennas with the high amplification factor must be considered during

the determination of antenna bearing to the side of satellite.

Otherwise is possible the decrease of signal level or even "loss" of



DOC= 86120404 PAGE

satellite. If the width of major antenna lobe exceeds 0.7±10, at

frequencies of higher than 1000 MHz the refraction can be

disregarded/neglected.

3.3. Fundamental parameters of antennas.

Requirements, presented to antennas in communication systems

through ISZ, are reduced in essence to obtaining of necessary

directive gain (KND), factor of amplification and minimum side-lobe

level radiation pattern.

For any antenna IND it is identical both during transmission and

reception.

Let us examine determination of KND based on example of

transmitting antenna [3.5].

Let us place antenna into point 0 of space and will describe

sphere, whose center coincides with point 0 (Fig. 3.3.1). We will

consider radius of sphere r to be so large that the form of solid

coverage of antenna in the region of sphere will be virtually the same

as in the infinite region.

Strength of field at any point of sphere in general form can be

represented as
•.• f = AF ,•).(3.3.1)
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Fig. 3.2.5. Fig. 3.2.6.

Fig. 3.2.5. Losses, dctermined by wet cap/hood.

Key: (1). dB. (2). Precipitation, mm/h.

Fig. 3.2.6. Average/mean value of change in angle: A - tropical

maritime Bi17, B - polar continental air.

Key: (1). Change in the angle of arrival (degrees). (2). Angle of
elevation (degrees).
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Here A - proportionality factor, not depending on 8 and Q;

F(8, P) -form of antenna radiation pattern for that point of

sphere, which is determined by coordinates ) and Q radius of vector.

KND of antenna is called relation of square of strength of field

in direction in question to average/mean (in all directions) value of

square of strength of field:

D., E (0c.qPo) (3.3.2)
)h2 i

Here E(E),, ip,) - strength of field on element of surface of
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.4 sphere dF with coordinates 8. and 0. (Fig. 3.3.1),

E'dF

F

where F - surface of sphere.

Using expression for Ecp. we will obtain

DH F d,( ,,)F . (33.3)'Ff (0, T) dF

Taking into account that surface of sphere F=4rr 2 , and dF=r 2 COS

EadEda, can be obtained

D,4n Fs (00,q•
2D X/2 (3.3.4)
SdV F(6, 9)cas 8dO

0 -r/2
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Fig. 3.3.1. Determination of parameters of antennas.
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During calculation of KND to more conveniently use value,

calibrated relative to F(G•, p3) Therefore, if we introduce the

des ignat ion
F(o,q?) F (,)

F (e,, qN)

we will obtain

4n
D,M= 2 X/ (3.3.5)

~dq) 3 F, (0. ) cse de

Relation

Es

G= P° (3.3.6)

PU

is called antenna gain G.
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Here E and E, - strengths of fields, created at point of space in

question with respect to this antenna and a nondirectional antenna

(isotropic), creating identical strength of field in all directions.

P0 and Pu - power, applied to this antenna and omnidirectional

antenna.

Value G is determined when Po=Pn, and efficiency of isotropic

antenna is equal to one.

Let us note that for any antenna by efficiency TIA is understood

relation

P= Pt (3.3.7)

.9.
where P. - power, emitted by antenna, Po, - power, lost in antenna.

Substituting (3.3.2) into expression (3.3.6) and taking into

account aforesaid, we will obtain

G

Keeping in rind (3.3.7), let us find

0 =D."A. (3.3.8)

On the basis of reciprocity principle it is possible to

demonstrate that parameter G of any antenna is numerically identical

at transmission and reception.
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Usually value nA is very close to one; therefore with accuracy •-

sufficient for practical purposes it is possible to count G=DQ,.Iýtnat

factor G.;' amplification and directive gain of antenna coincide.

Page 57.

Receiving antennas are conveniently characterized by the

effective surface, which according to [3.5) is determined by

expression

= Di D1, (3.3.9)

From (3.3.9) it is possible to obtain another expression,

frequently utilized during calculations

G= -S 1A '^ -S30, (3,3.10)

There is several types antenna of SHF; however, widest use in

radiolink systems through ISZ received parabolic, horn-parabolic

antennas and some of their modifications - "convoluted" horn-parabolic

antenna [3.6) and two-mirror antenna of Cassegrain [3.5) and [3.7).

Directive gain of parabolic antenna with radius of aperture of R.

and focal length of f (see Fig. 3.3.2) is determined by following

expression:

1)" K1. (3.3.11)

Here S=RR 2 - surface of aperture of paraboloid,

K: (Dm - coefficient of use of surface of aperture of
s

paraboloid, which considers nonuniformity of phase distribution and
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v amplitudes of field in aperture,

- KND of antenna feeder.

Let us note that depending on type of antenna and utilized

irradiator value k, can vary within the range of 0.55 to 0.96 [3.7);

however, in practice usually there is order 0.5=0.6 for parabolic

antennas, 0.65-0.78 for horn-parabolic and 0.6-0.65 for two-mirror.

Substituting in expression (3.3.11) enumerated values with value

of k,=0.5, we will obtain approximation forro'iia for determining KND

D,, _ 20 (--) (3.3.12)

Here R, and D, respectively radius and diameter of aperture of

reflector (see Fig. 3.3.2).

Radiation pattern of parabolic antenna can be calculated from

expression (3.3.5).
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Fig. 3.3.2. Parameters of parabolic antenna.

Key: (1). Mirror. (2). Irradiator.
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Fig. 3.3.3 [3.53 shows the radiation patterns of this antenna in

planes xz and yz with the different values of ratio R0 /f (see Fig.

3.3.2). By the selection it it is possible substantially decrease

side-lobe level and the width of the major lobe/lug of the antenna

radiation pattern.

Value of minor lobes of receiving antennas determines noise level

and interferences/jammings, taken out of main trend, and in the case

of transmitting antennas - interference level, created to other radio

aids. For the parabolic antenna optimum value 10-1,3, in this
I

case is obtained maximum value k,=0.83, and consequently, and the

maximum value of directive gain D. -.

For this case width of radiation pattern of parabolic antenna op

half power it is determined by following expressions [3.5]:
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in plane yz

=12!~ rad, (3.3.13)

in plane xz

L3 2 r~o ad, (3.3.14).

or in the degrees

80O - 70 kG.1)o0• -59 2rO ( 3. 15)

Keeping in mind (3.3.13) and (3,3.14), expression (3.3.11) catt be

recorded in thi forT
D, = 4•-iT- .1,R2 • >.138, %5•

Accepting k,=0.5 and expressing angles in degrees, we will obtain

approximation formula, convenient for calculations of KND of antenna

with given (or known) values of width of major lobe/lug

D= 2o50 (3.3.16)

"eo 0

0 .X 0-Ji

-7-, ;--r,--:., . ... . .. If .-. I- r ..- ,.-;,,•.,;..4 • • • • •• .•,. •%i '•_'. '••N _'-•.-•
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I 'I)• k7oCnamo, E •

0.6

I2

"k )/Iiuc~ocmrb H

a,Rsin 0

Fig. 3k.3.3. Radiation patterns of parabolic antenna.

Key: (1). Plane.

Page 59.

Expression (3.3.16) zorrectly, when angles ur. and Ho0,,:. do not

exceed several degrees, i.e., when antennas have sufficiently high

amplification factor. Let us note that expressions (3.3.12)-(3.3.16)

are approximate and can be utilized for the evaluation of the

parameters of parabolic as well as horn-parabolic antennas and their

od'if icatij;ns.

I
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P 'V

SFig. 3.3.4. Antenna radiation pattern:------level of

corresponding diagram of isotropic emitter.

Page 60.

Radiation patterns of real antennas usually differ from those

S~designed due to imperfect irradiation of surface of reflector, which

S~leads to nonuniformity of phase distribution and amplitudes of field,
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inaccuracy in manufacture of irradiator and reflector, presence in

field of irradiator of different structural parts of antenna

(brackets, attachment, etc.). All this leads to the brokenness of

radiation pattern - tc the appearance of a large number of minor lobes

(Fig. 3.3.4), whose calculation presents considerable difficulties.

For this reason for the calculations are utilized the idealized

antenna radiation patterns, in which are considered only the averaged

values of gain in different directions due to the minor lobes.

Fig. 3.3.5 and 3.3.6 give "those averaged" on minor lobes of

radiation pattern of terrestrial antennas of different types (not only

parabolic) [3.8), these antennas having aperture (aperture) from 9 to

27 m, and amplification factors - from 45 to 60 dB. In the same

figures the straight line, which approximates the antenna gain G(9) at

85<50, constructed according to the expression

G:(0) 32-251g (8), c:2 (3.3.17)

is plotted/applied.
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505

30-

0405 01 t5 70 s /go'

Fig. 3.3.5. Gain and approximation at 0.010>8>100: 1 - Mill

Village, 2 - Goldstone, 3 - Wallops Island, 4 - Andover, 5 - West

Ford, 6 - Goonhilly, 7 - G(e)=32-25 ig 8, 8 - Goonhilly after change.

Key: (1). dB.

Page 61.

Here e - angle (in degrees) between axis of major lobe/lug of

antenna radiation pattern and selected direction. From the comparison

of the antenna radiation pattern and idealized diagram their

satisfactory coincidence follows. Therefore in work [3.83 is done the

conclusion that in the limits of value of e050* amplification of the

minor lobes of different antennas, found relative to isotropic

emitter, can be approximated by expression (3.3.17). At E>500 it is

considered that the amplification of minor lobes is -10 dB relative to

.• isotropic emitter. Within the limits of the main lobe of radiation of
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antenna its amplification is accepted as constant/invariable and that

depending on the ratio of the diameter of antenna to the wavelength.

Value and the width of major antenna lobe can be designed from

approximate formulas (3.3.12)-(3.3.16).

Fig. 3.3.7 gives idealized antenna radiation pattern, constructed

in accordance with expression (3.3.17) and expressed considerations.

In this case the gain in major lobe can be determined according to

expression (3.3.12).

r@
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-5

-25_ _______ ___,__

•'•Fig. 3.3.6. Gain and approximation at 10<9<1000: 1 - Mill Village, 2

S- Holmdel, 3 - Goldstone, 4 - Goonhilly, 5 - Andover, 6 - West Ford, 7

- Raysting, 8 - G(8)=32-25 ig 9, 9 - Goonhilly after change.

Key: (1). dB.

Page 62.

In [3.8] it is noted that accuracy of approximation in Fig.

3.3.7 is approximately ±3 dB for horizontal sections and about 4 dB in

inclined section.

S~As it follows from given formulas at selected frequency (or
iwavelength), increase in antenna gain can be achieved/reached by

increase in its sizes/dimensions. However, with an increase in the

sizes/dimensions are unavoidable the large deviations of the form of

2 %21A reflector from the given one, and also the appearance of considerablewaeeghicesInatna ancnb civdrahdb
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nonuniformities of the surface of antenna dish. This will destroy the

_- = I- -r in antenna aperture. Tolerance level for 'the

deviatim:z.i- ,- he th•oreti.cil ft, - )f niirror mu3' not ex:eed X/^6.

With thEe Ia : sizes/dimen].ions c'f antennas and at the high

frequenc.es z:Vs rqU4 reme-,t becc1es impracticable. Fig. 3.3.8 shows

the dependen:- of amplification on the frequency for several very

precisely exe-•,-:ed an-ennaz, whose ratio of maximum standard deviation

a to the d.mer of nntenn,; is equal to 10-' [3.9). From Fig. 3.3.8

it follo#s tha he maximum gain in .-his case is approximately 57 dB.

Fig. 3.3.ý g.ve the dependence of the diameter of antenna with the

value (W/D)=10' fzom the frequency, at which is obtained maximum

gain.

Comparison of parabolic antennas with horn-parabolic shows that

latter possess considerably smaller minor lobes. The considerably

large sizes/dimensions with the same amplification factors are a

definite deficiency in the horn-parabolic antennas in comparison with

the parabolic antennas. However, structural/design changes in

horn-parabolic antennas [3.6) make it possible to considerably shorten

their sizes/dimensions almost without a change in the electrical

characteristics.
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_ _ I 
-. . ...

I I II-z , l I II I I I

- II

Fig. 3.3.7. Approximation of gain in direction 8: D, diameter of

aperture, m, X - wavelength, m.

Key: (1). dB.

_@---

32Zfg
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Y 1. IIIII

JII

Fig. 3.3.8. Dependence of amplification on frequency for several

values of the diameter of antenna with a/D r10-': 1 - D=230 m, 2

-. D=76 m, 3 - D=26 m, 4 - D=18 m.

Key: (1). Power gain. (2). Frequency, GHz.

50

- K-
'10CMM, rf84(•

Fig. 3.3.9. Dependence of frequency, which corresponds to maximum

amplification on diameter of antenna with o/D=10-'.

Key: (1). Diameter of antenna. (2). Frequency, GHz.
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One should note that ground antennas of communication systems

through ISZ sometimes are placed within radio-transparent fairings.

The latter, shielding antennas from the wind load and precipitation,

allow together with simplification in the construction/design of

antenna system (reduction in the weight, an improvement in the

evenness and the accuracy of the displacement/movement of antenna,

decrease of the power of drive assemblies) to simplify both operation

and servicing of antennas in any weather.

Radomes are of two types - inflatable and rigid. Inflatable

fairings do not have a framework/body and are fulfilled from the

, dielectric film in the form of the sphere, inside which is pumped air.

At present more frequently are used the ligid fairings, which consist

of the framework/body, to which are fastened the parts and the

elements of construction/design.

It is obvious that fairing, being located in immediate proximity

to antenna, will somewhat change its electrical characteristics. Thus,

according to [3.10] contemporary fairings in the range of SHF in the

absence of precipitation create, approximately, the following changes

in the parameters of the antenna:

1. Decrease of amplification factor on 0.5 dB.

2. Change in side- lobe levels
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Son 1 dB on level - 20 dB,

on 2 dB on level - 25 dB,

on 4 dB on level - 30 dB.

3. Error in guidance of beam of 0.005-0.250.

Effect of wet radomes on signal level is examined in Section 3.2,

and on value of noise temperature of antenna - in Section 4.4.

3.4. Polarizational losses.

Let us examine losses, caused by disagreement of polarization of

oscillations/vibrations of transmitting and receiving antennas. We

will consider that the terminus of the vector of electric field E (or

magnetic field H), created at the point of the space of certain

antenna in question, describes during the period of high frequency the

ellipse. This ellipse lies/rests at plane x-y, perpendicular to the

direction of propagation of energy z, and is called polarizational

(Fig. 3.4.1).

Let us represent vector E in the form of sum of two components:

vector L,, and £E It is obvious that in the general case the

instantaneous values of the coordinates, which determine the value of

components E, and E,, can be recorded in the form:

x = E, sin (at, (3.4.1)
y = E, sin (o) t--). (3.4.2)
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Here El and E2 - maximum values of components E, and E.. and value

a characterizes phase displacement between E. and Ev.

Page 65.

Keeping in mind, that according to (3.4.1)

sin•w= tx

after substitution in (3.4.2) let us find

y=E,jsinotcosa-cos tsinal = -Cosa- I- e sin a•

Hence

_$ MS __y = sin a. (3.4.3)

Expression (3.4.3) is equation of ellipse in system of

coordinates x, y. With a=nr, where n=0, 1, 2, ... , expression (3.4.3)

will take form y=(E 2/E,)x, which corresponds to field with the linear

polarization.

In the case of circular polarization E,=E,, expression (3.4.1)

and (3.4.2) can be recorded in the form

x=Esinwt (3.4.4)
y= Ecosot "

Hence follows that oscillation/vibration with circular

polarization it is possible to represent in the form of sum of two

oscillations/vibrations with identical amplitude and linear

polarization, shifted angle a= (r/2), excited in orthogonal planes.

.. •%• Fig. 3.4.2 shows the diagram, which illustrates the principle of
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obtaining oscillations/vibrations with the circular polarization: to

the emitters, which create the linearly polarized vibrations .n the

orthogonal planes x and y, vibrations E cos wt are fed/conducted. In

this case for obtaining the circular polarization before one of the

emitters the device/equipment, which turns the phase of vibrations on

900, is established/installed.

A'4
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E2

Fig. 3.4.1. Fig. 3.4.2.

Fig. 3.4.1. Ellipse of polarization.

Fig. 3.4.2. Principle of obtaining vibrations with circular

polarization.
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Let us consider case, wten a=r/2 (2n+l), and E,$E.. In this case

expression (3.4,3) of t igns th', form

r- It P

which corrr o:Cc;s to the ellipse. ,ohose axes coincide with the

coordinate &xes.

In general case, when axas of ellipse of polarization form with

coordinate axes angle 7 (Fig. 3.4.2), for projections of vectors E,

and E2 on coordinate axis it is possible to record

E i (3.4.5)

E,=Escosoc~tosV.-EisineIsi•t J

Let us show that oscillation/vibraticn with ellipticalI polarization, characterized by components I, aed E, can be

represented in the form of two orthogonal osci"Lations/vibrations E*

and E** with circular polarization in opposite directions and

characterized respectively by amplitudes E ' and E" and by phases P',

(P" (Fig. 3.4.4.). If we through j and j designate the unit vectors,

directed along x and y axes, then

E*=jE cos(ot+, ')--E 'sin(fot+q'P)

In accordance with Fig. 3.4.4.

,= E' sin (o + ')--1 "Sil (s in + ") (4

-. E-co (( tC- + q)') - E o (
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EfE

Fig. 3.4.3. Fig. 3.4.4.

Fig. 3.4.3. Location of ellipse in coordinate system.

Fig. 3.4.4. Orthogonal components with circular polarization.
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Equalizing (3.4.5) and (3.4.7), after introduction of elliptic

coefficient e,=E2 /E. let us find

T'=Y; "=--
-E EI+Es = E- (I+e,) (2 2 .(3.4.8)

E" E + H/-, = -E_• 1 -l )2 2

After substitution (3.4.8) in expressions (3.4.6) let us find

=L (I + e) cos ((o i + y)+i!- (I + el) sin (oi + y)

(3.4.9)

E** = jE' (I -e)cos(wt-y)-i L'. (1-e 1 ) sin (owt-y)
2 2

From expressions (3.4.9) it fol1•ws taat oscillation/vibration

with elliptical polarization (elliptic coefficient is equal to e,),
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actually, it is possible to represent circular polarization in the

form of two orthogonal oscillations/vibrations E* and E**, having

circular polarization. In this case circular polarization for each

oscillation/vibration (E* and E**) is determined by the sum of two

oscillations/vibrations, which have linear polarization in the

mutually orthogonal planes. By other words, the principle of

obtaining the elliptically polarized vibration, by analogy with Fig.

3.4.2, can be represented in the form of the diagram, given in Fig.

3.4.5.
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~ polar iation.

I " •0-Xo~--4
Ep

;• Page 68.

To the input of this diagram i~s fed/conducted the vibration with an

amplitude of E 1/2, which through the elements •, and K2 with the

transmission factors respectively l+e 1 and l-e 1 proceeds to emitters

I4•-14 directly or passing through the devices/equipment, which turn

the phase of vibration on +90s (for component E*) or on 27 and l90C

(for component E**). Let us note that the emitters 14, and M,~ excite

vibrations with the linear polarization, but different amplitude in

one and the same plane, orthogonal to the plane, in which the

vibrations are excited by emitters ,2 and 1ce

As per theorem of reciprocity receiving antenna with elliptical
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polarization can be represented in the form of analogous diagram,

given in Fig. 3.4.6. Receiving dipoles A, and 1J, are located in one

plane, and dipoles A2 and A,. - in other, orthogonal plane. Components

E*, which arrive from the emitters M, and M, (see Fig. 3.4.5) on the

dipoles A,1 and 1J2 of receiving antenna, induce emf:

-k-I-(l+e 1 )cos(oat+y),

2

E~, ,=k-L (1+e1)sin~wt+y).

Here k - proportionality factor determined by attenuation

between transmitting and receiving antennas. After the passage

thro3ugh phase inverter of 90° at the output of element with the

transmission factor de we will obtain the total vibration (summationm

it is realized according to the power):

B' C'6 (1+e&)cos(at+y). (3.4.10)

With arrival of component E** from emitters M4, and M, (see Fig.

3.4.5) on dipoles A1. and A. of receiving antenna we will obtain emf:

E'=-- E--*k (1 -ej) sin((€ot--y),

2
A- k (I -e,) cos (w, t-y).
2

From output of element with transmission factor K' after

passage through phase inverter of 900 in this case we will obtain
E ';,As= 0.

Latter is explained by the fact that due to phase inverters

vibrations, passing through M, and A. differ in phase from

vibrations, which go through M, and )I, on 1800 (see Fig. 3.4.5 and

3.4.6).
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Fig. 3.4.6. Principle of receiving antenna wl.h elliptical

polarization.

Page 69.

After leading analogous considerations for the dipoles A, and J, let

us find that after passing through the phase inverter and the element

Eý = 0
. =kI (3.4.11)

Analogous with diagram in Fig. 3.4.5 for diagram in Fig. 3.4.6

let us assume

k " = a ( I -- e .) 4(3.4 .12)

where a - constant coefficient, and e. - eccentricity of ellipse of

polarization of receiving antenna.

Taking into account (3.4.10), (3.4.31) and (3.4.12), we will

obtain expression, which determines power of oscillations adopted on

1
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single resistcir/resistance

as E,!_ ~z[(I--e,)2(1--e•2+ (I-Fe,)2(1-Fe,)2--2cos,2y(l --I --e2

(3.4.13)

Amount of transmitted power with single output resistance and

axis alignment of ellipse of polarization of trZ.nsmitting antenna

with axes of coordinates (7=0) in accordance wih (3.4.9) will be

p,. ( + e2. (3.4.14)

Comparing two latter/last ezxpressions, l~t us find transm'ssion

factor of power between -,,,o antennas taking -.nto account polarization

of oscillations/vibrations

pu--p ad (1--C)O(I--,)CO-- (I +e),(I + e,)'.

+ 2 ( -4A cos 2y
++e

Coefficient a is determined from conditions that with e,=e, and

y7=0 value Kc0a=l. In this case

2(1 +41)

Therefore

[ k1 _+ 2co 2y+
4u ([ (% Ie+e l- W + (I)-

+ + +(3.4-15)S0 ~~~~+ CD (I ,) '/..s

Page 70.

Results of calculation rnoa acccrding to expression (3.4.15) for

different e, and c2 are given in Fig. 3.4.7. If on- of the antennas
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has circular polarization, and the second - linear (for example,

e,=l, e,=0 or vice versa), value Koj will prove to be equal to 0.5

that it corresponds to the decrease of the power adopted two times.

Reduction in magnitude x.ý with 2 7=r is especially noticeable. Thus,

for example, with e,=e2 =0, 7=90* (antenna with the linear

polarization of oscillations/vibrations in the orthogonal planes)

magnitude io proves to be equal to zero. This means that in this

case at the output of receivirg antenna the power of signal will

prove to be equal to zero. During calculaýtions of the line of

ccmmunications through !SZ Hc3 - artificial earth satellite] it is

very important to know not only the form of the polarization of the

6 emitted oscillations/vibrations, but also the direction of rotation

of field.

it is customary to assume that field of clockwise rotation for

"observer", who looks' in direction of propagation of

oscillations/vibrations is characterized by rotation of vector E in

time clockwise in fixed plane, perpendicular to direction of

propagation.

.i o
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Fig. 3.4.7. Change ..o. from different parameters.

rig. 3.4.8. Fieid with polarization of right (a) and left (b) of

directions of rotation.
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This clarifies Fig. 3.4.8a, where the position of the vector of

electric field E for two moments of time, which differ to value T/4

during the propagation of oscillations/vibrations in the direction

from the reader to the plane of drawing, is shown. The latter is

marked by sign "+". Thus, Fig. 3.4.8a relates to the polarization of

oscillations/vibrations with the right-hand direction of rotation.

Fig. 3.4.8b gives case, when oscillations/vibrat.ions are
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propagated in direction from plane of drawing to reader

(conditionally markedly by point). This corresponds to the left

direction of the rotation of the plane of polarization.

Should be focused attention on the fact that with reflection of

electromagnetic energy from ideally reflecting surface phase of

vector E is changed on r, i.e., direction of polarization of

oscillations/vibrations is changed to opposite. The latter fact must

be considered during the selection of the antenna systems of the

communication systems, which use the passive communications relays,

and also during the use of various antennas (parabolic and of

antennas of Cassegrain, etc.).

Rotation of the plane of polarization of oscillations/vibrations

in communication systems through ISZ in essence is determined by

motion oi satellite, as a result of which is changed mutual

orientation of onboard and terrestrial antennas. At the same time the

rotation of the plane of polarization can be produced by the Faraday

effect. This effect appears as a result of the fact that when the

passage of the electromagnetic vibration through the ionosphere and

the magnctic field of the Earth is present, the oscillation/vibration

can be represented by two components, which are propagated through

the ionosphere with different phase rates. After passage t ne phase

shift, which leads to the rotation of the polarization of total
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signal, appears by these components of a certain path in the

ionosphere between them.

If ionized gas is uniform, then value of angle of rotation can

be determined [3.15] according to formula

I ANIfHf. , rad, (3.4.16)

where A=e3g,/41rm 2 e0 - proportionality factor;

N - electronic concentration,

Hu.-longitudinal component of magnetic field, a/m;

I - path length ionized gas, m;

e - electron charge, k;

m - mass of electron, kg;

m,=4rl0-' - magnetic permeability, H/m;

o=i0-1'/36v - electrical breakdown of free space, F/m;
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f - frequency, Hz.

Page 72.

Rotation of the plane of polarization of received signal leads

to additional energy losses. Actually, in the absence of the

fluctuation of the ionosphere it would be possible to orient

receiving antenna so that the vector of the electric field of

received signal would create greatest power input of receiver.

However, due to continuous changes in the electronic concentration

the position of the plane of polarization continuously varies. When

receiving and transmitting antennas they are fixed, they have linear

polarization and they are oriented equally, magnitude of losses due

to the rotation of the plane of polarization with the passage of the

ionosphere can be determined according to the expression

x =201gcosy. (3.4.17)

Results of calculation, carried out according to given formulas,

are represented in Fig. 3.4.9 [3.1]. In this case it was assumed that

N=2.8.101 2 e/m3 in the interval of the heights/altitudes of 230-370

km and N=O at all other heights/altitudes, Hup=30a/m. As it is

marvellous from Fig. 3.4.9, the effect of Faraday it is necessary to

consider at frequencies below 3-4 GHz.

Values, entering expression (3.4.16), are characteristic for

quiet ionosphere.
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Studies of conditions for passage of radio waves through

disturbed ionosphere showed [3.16] that aurorae polares increase

speed of fadings and are caused rapid and considerable fluctuations

of polarization; value of angle o at frequency of 0.5 GHz exceeded 1

rad. In this case the average/mean of the signal levels accepted

remained constant in limits of accuracy of measurements (±2 db). for

decreasing the losses, caused by the rotation of polarization, at

transmitting and receiving ends of the line of communications antenna

with the circular polarization are used.

3.5. Doppler effect.

Onset of Doppler effect due to motion of satellite relative to

terrestrial station is one of special features of cDmmunication

systems through ISZ. As a result of this at the point of

reception/procedure the strain of the spectrum of signal and change

in the carrier frequency is obse.ved.

Change in carrier frequency will lead to the fact that level of

received signal with insufficient width of band of filters 4 will be

reduced, since value bilp (or btp). entering expressions (3.1.2) and

(3.1.4), will be changed.
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Fig. 3.4.9. Dependence of losses, caused by effect of Faraday.

Key: (1). Losses, db. (2). Frequency, GHz.

Page 73.

Therefore width of band of filter must be chosen taking into account

the Doppler effect; the latter must be taken into consideration and

"during the circuit design APCh of receiver.

Let us consider phenomena, caused by Doppler effect. It is known

that during the motion of the source of signal to the side of

reception/procedure with the speed v, the frequency f adopted is

connected with the frequency of the emitted f. with the

relationship/ratio

f (3.5.1)

C,

Here c,=3.10 1 0 cm/s speed of light.

Condition -_- <1, usually always is satisfied therefore during
Co
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motion of signal to side of reception/procedure we will obtain

+ i- -(3.5.2)

In expression (3.5.2) it is taken into consideration, that

velocity v of satellite is directed along radio communication link.

In the general case, when velocity vector can be directed at any

angle toward the radio communication link, the change in the

frequency, caused by the Doppler effect, will be determined only by

that compc.nent of velocity vector, which is parallel to radio

communication link. Let us designate this component of rate through

v, and let us agree, that with a decrease in the distance between the

source of signal and the point of the reception/procedure of

component v, has negative value, and with an increase in the distance

of the component of velocity v, indicated it is positive. Then from

(3.5.2) we obtain the following expression for determining of change

in frequency Af=f-f 0 :
A f = -f -& = -"x (3.5.3)

C. 7

where X,=c,/f, - wavelength of the emitted oscillation/vibration.

From expression (3.5.3) it follows that for stationary

satellites change in frequency, caused by Doppler effect, is equal to

zero.

For evaluation/estimate of change in value Af let us consider

simplified case: satellite travels at constant speed ' relative to



DOCC 86120405 PAGE 4,

fixed point 0. Let us replace the small phase of trajectory of the

motion of the satellite of straight line. Then in accordance with

Fig. 3.5.1, counting after t=0 moment of time, which corresponds to

the shortest distance of r 0 , we obtain

v, =vsin@, (3.5.4)

where

sInO=±+ r _'r2 (3.55)

r, corresponds to the shortest distance.
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In expression (3.5.5) positive sign corresponds to values of

t<0, and sign "minus" to values t>0. In accordance with (3.5.3) let

~ us find

A'f=. ± v-ne r.--r=. (3.5.6)

Taking into account that according to Fig. 3.5.ltge=- .from

expression (3.5.6) we will obtain

A ±sin arct~L (3-57)

According to this relationship/ratio is constructed graph 1ig.

3.5.2, on the basis of which, knowing velocity of motion v and

wavelength X., it is easy to determine value of Doppler frequencl

shift.

From latter/last expression and Fig. 3.5.2 it follows that rate
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of change in frequency, caused by Doppler effect with uniform motion

of satellite relative to observation point, will be greatest with

r=r 0 .

If relative to observation point satellite moves not with

constant velocity, more complicated relationships/ratios are

obtained. For the representation of calculation procedure the

determination of a Doppler change in frequency [3.17) for the

simplest case is given below. In this determination the orbit of ISZ.

is selected circular and the rotation of the Earth is not considered

that it is considered permissible for ISZ, which move along the

orbits with a comparatively low altitude.
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Fig. 3.5.1. Fig. 3.5.2.

Fig. 3.5.1. To determination of Doppler change in frequency.

Fig. 3.5.2. Dependence of change in frequency on velocity of moti-n.
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Fig. 3.5.3 gives geometric constructions, necessary for

calculations of Doppler change in frequency, emitted by satellite,

moving along section of orbit TT, from which it follows

L' •:R' + r' - 2Rr cos D, (3.5.8)

where L - distance between satellite C and terrestrial station, which

is located at point A;

r - distance from center of Earth to ISZ;

A

4.S
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R - radius of Earth;

D - angle between lines of centers of Earth with ISZ and

terrestrial station, which is located out of orbital plane.

After taking derivative for time from (3.5.8), we will obtain

LL' = rr'-Ri" cos D + RrD' sin D. (3.5.9)

For circular orbit r'=0; therefore expression (3.5.9) is

converted in
SRr"InD (3.5.10)

L

Doppler shift according to (3.5,3)
o LeeAf=,=-f.• =- o (3.5.11)0

Substituting (3.5.10) in (3.5.11), we obtain

Rrsn D
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Fig. 3.5.3. On calculation of Doppler effect,

P;.ge 76.

Thus, for determin~ng Doppler shift it suffices to know change

in time of angle D. We will use the auxiliary drawing Fig. 3.5.4.

Here arc T'T ' corresponds to the projection to the earth of the

section of orbit TT, shown in Fig. 3.5.3, angle M determines the

minimum angular distance between the projection of satellite and the

point A, and points P and N - pru ection ISZ on the surface of the

Earth.

From spherical triangle APN it follows that

cos D = cos 0 cos M. (3.5.13)

it is obvious that during motion of satellite angle M remains

constant/invarcable; therefore time derivative of (3.5.12) is equal

to

D'3in D = (' sin E cos M. (3.5.14)
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Since 8=at, e'=o where c - angular satellite velocity.

Therefore after substitution (3.5.14) in (3.5.12) we will obtain the

value of Doppler frequency shift

Af Rra)osmM sin o),1  (3-315)

jet us note that to value of t=0 corresponds shortest distance

of satellite. Thus, with t=0 in Fig. 3.5.4 projection of satpllite to

the earth will coincide with point N.

From (3.5.15) it follows that chenge in frequency will be large,

when angle M to vanish, i.e., in the case, when projection of motion

of sa3ýellite (arc T'T in Fig. 3.5.4) passes through observation

point.

Let us consider motion of satellite along orbit 1 relative to

terrestrial points/items A and B Fig. 3.5.5. At any point of orbit

(fo- example, at point 1 or 2) the orbital satellite velocity can be

decomposed on tyo orthogonal components, one of which coincides with

the radio communic~ticn link, i.e., with the straight line, which

connects terrestrial point/item with the point of the orbit, where is

located satellite at the moment of time in question.

This5 resolution for points 1 and 2 orbits I (see Fig. 3.5.5) is

shown in Fig- 3.5.5& and 3.5.6b respectively.
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From the examinacion of Fig. 3.5.6a it follows, that complete total

variation in the frequency on the line of communications at the

moment of passage by the satellite of point 1 of orbit must be

determined by a difference in the frequency drift, caused by the

Doppler effect, for the interval the Earth-ISZ and the frequency

drift in the interval an isz-Earth, i.e., according to (3.5.3)

A, + -E ý-, " r(3.5.16)

When satellite is located at point 2 (see fig 3.5.6), components

of velocity Ir have identical directions (in direction of

removal/distance of satellites from points/items A and ).
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Fig. 3.5.5. To determination of change of frequency in communication

system.

r

V'1l

rA

Fig. 3.5.6. Versions, which determine sum. and difference in change of

frequency in communication system.
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Therefore at the moment of passage by the satellite of point 2 total

variation of the frequency in two intervals will be determined by the

sum of frequency drift in the individual sections of the line of

communications, i.e.,

A f am,=_ (3.5.17)

Value of components v,,and v,j can be found from formulas (3.5.4C

and (3.5.5).

Let us note that during motion of satellite aiong orbits, whose

projections are arranged/located perpendicular to line, which

" cconnects points/items A and B on surface of Earth (for example, along

orbit II in Fig. 3.5.5), total variation in frequency on route will

be determined alway&s by sum of change in frequency, caused by Doppler

effect, in individual sections.

For solving question about that, will be full deflection of

frequency in different cases determined by sum or difference in

frequency deviations in individual sections, should be considered

direction of motion of projection of satellite on surface of Earth

relative to each ground station.

Thus, for example, in the case of moving satellite along orbit I

(see Fig. 3.5.5) with the passage by the satellite of point its 1
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projection - point 1 ' - will be moved in the direction from one

point/item A to the next B. Thus, in this example the projection of

satellite will recede from point/item A and approach point/item B, as

a result of which the full deflection of frequency will be determined

by a difference in the frequency deviations in the intervals of the

line of communications in question [see expression (3.5.16)).

With passage by satellite of point its 2 projection on surface

of Earth - point 2 ' - will recede from point/item A and point/item

B; therefore full deflection of frequency will be determined by sum

of frequency deviations in sections of line of communications [see

expression (3.5.17)].

Doppler effect will lead not only to change in carrier

frequency, as this follows from expressions (3.5.7) or (3.5.15), but

also to strain oi transmitted spectrum. For the explanation of the

aforesaid let us consider three different forms of modulation.

We will consider that with OBP is transmitted signal, whose

spectrum is limited by frequencies F, and F2 , moreover F,>F,. Then as

a result of the Doppler effect at the point of reception/procedure

instead of the frequencies indicated are accepted others, that differ

from those transmitted in (1±v/c.) once.
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This means that the width of the spectrum, which in the place of

transfer was in the place of reception/procedure it will prove to be

AF - &--,. (3.5.18)

in the place of reception/procedure it will prove to be deformed

and equal to AF =F2(I ± ± -L)=AF(I ± - (

Let us consider now case ChM by sinusoidal oscillation with

frequency of F with low index of modulation. Then it is possible to

consider that the modulated signal consists of oscillations with a

carrier frequency of f. and oscillations with lower and upper lateral

frequencies of f 0+F and fo+F,. As a result of the effect of the

Doppler effect the frequencies of the modulated signal will take the

following values:

- the carrier frequency

fo(I ± o 2Lf± f.!.f± A&, (3.5.20)

- the lower lateral

Yo-PF) (I )==-F ±o- ._ F-. =F o , ± A f _-F±F--).

- the upper lateral

(f0+F) 1+ -E\=f0±A0+ F±'+ L

From these expressions it follows that difference between

carrier frequency and any of lateral as a result of effect of Doppler

effect is equal to F(l+v/c,). Therefore after detection we will
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obtain a change of the modulating frequency into the number of times,

equal to (l±vl/c0 ). If we consider ChM with large the index of

modulation, and also with modulation serrated signal it is possible

to make the conclusions that Doppler's phenomenon will lead to a

change in the modulating frequencies and width of the spectrum in

(l±vl/c0 ) once. These conclusions/outputs are valid also for AM and

FM.

Examination of such forms of pulse modulation as amplitude,

latitudinal or phase AIM, ShIM and FIM), shows that also in these

cases effect Doppler effect leads to strain of spectrum of

"transmitted signal and produces change of modulating frequencies in

(l±v/c.) once for all components of spectrum (including for clock

frequency, which determines sequence of unmodulated sequence of

pulses/momenta).

One should note that in communication systems through ISZ value

v./c is equal to approximately 10-5 and it is less.
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Described change in spectrum of signal, which is developed as a

result of Doppler effect for enumerated forms of modulation, means

that duration in time of transmitted signal will be changed in

(l±vl/c0 ) times. This means, for example that the duration of moving

picture at the point of reception/procedure will prove to be
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different, than at the point of transfer. Difference in the duration,

certainly, will be very low and in the case of the transfer of moving

picture virtually by anyone will not be noticed; however, during the

transfer, for example, the impulses/transmissions of standard

duration or standard frequencies this phenomenon it is necessary to

consider.

With KIM Doppler effect will produce change in clock frequency.

For decreasing effect of Doppler shift of carrier frequency it

is possible to use two methods. In the first of them in the receivers

is used APCh and installation at the input of sufficiently broadband

filters. The second possible method consists in tho fact that with

the previously known parameters of orbit IZS and the coordinates of

terrestrial station it is possible to preliminarily compute the

dependence of Doppler shift in the time and to realize the

appropriate shift of the carrier frequency of transmitter. In this

case, obviously, it is necessary to correspondingly expand the filter

pass band of transmitter.

Let us note that any of methods described above is not removed

strain of spectrum of signal.

3.6. Efficiency of feeders.
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Ratio of active power, which is isolated in load at end/lead of

feeder, is called efficiency of feeder i. to total active power,

conducted/supplied to its beginning. The efficiency of feeder it is

possible to express through the traveling-wave ratio kbv on the

voltage/stress (K), the linear attenuation and Np/m and the length

feeder I m as follows [3.5]:
1

ch 2a1 +O0,5(+)acI(361

If 2a«<<l, then it is possible to count sh2aI-2al and ch2al-l;

in this case

+ ((3.6.2)

Dependence %, on value ai with different values kbv. constructed

according to expression (3.6.1), is given in Fig. 3.6.1.
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Let us note that the value of kbv on the voltage/stress is connected

with the coefficient of reflection p with the following dependence:

= L- LPj (3.6.3)

For rectangular waveguide with usually utilized wave H., decay

constant can be determined according to following expression [3.5):
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+ -a Np/m. (3.6.4).b=w
bW 1-/ a

Here X. wavelength free space, m;

- conductivity of metal, S/m (for copper 7=5.8.10' S/m);

b and a - height/altitude and the width of the cross section of

waveguide, m;

f - frequency, Hz;

S- magnetic permeability, H/m, moreover for the free space

m=A.=4w10"' H/m.

For circular waveguide during use of wave H,, decay constant can

be found from expression

0,0870,L)870,3], .(3.6.5)
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42;

12 44 41 08 men(
1 2 3 4 5 1 7 811

Fig. 3.6.1. Dependence of efficiency of feeder on a[ with different

KBVN.

Key: (1). Np.
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Here a - radius oi waveguide, m.

W=120 r.

Remaining designations coincide with those accepted for expression

(3.6.4). Expressions (3.6.4) and (3.6.5) are derived under the

assumption that the conductivity of the walls of waveguide does not

have a noticeable effect on the structure oi field in it. This

assumption is justified in such a case, when waveguide is made from

the materials, which have high conductivity in the range of shf/SVCh
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(copper, brass, aluminum, silver, etc.).

Formulas (3.6.4) and (3.6.5) do not consider roughness of walls

of waveguides. -t is obvious that its account will lead to an

increase of the decay constant, as a result of which the real value

of coefficient a will differ from the values, calculated according to

formulas (3.6.4) and (3.6.5), on 10-3-5.10-4Np/m.

In number of cases coefficients a are expressed in decibels, in

reference to feeder by lengthq of 100 m. Taking into account that 1

nep=8.68 db, it is possible to obtain the following

relationship/ratio: a[Np/m]=8.68.10-1a'; here a ' has the

dimensionalitycf db/100 m.

Table 3.6.1 gives values of linear attenuation of some

w&veguides, calculated with W=8 cm [3.18].

404
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Table 3.6.1.

Ha.y caayimoe cc'()-

no ,710 , , 1,49 a,1 0-

(0 ) ,5 I0I X-34 C 5. ,R89 raIyH* P7.I"
nIIa"IOseM TOICe

70% 1,5 BX20 mm8 72x34 mi ,0 ma

MeiA •S 51,8.10? 2,86 1,68 1,25 1,.C.I-3

A(3O.H inea( 3,48.10 i 3 (68 2,17 1,62 1,41t 1a-3

AlaTynib c coAep-
96%KIU~A11 4,07-107 3,4 2,0 1,49 1,31-10-3

90% 2,52.107 4,34 2,55 1.89 1,67. 10-3
70% 1,65-10 6,38 3,16 2,32 2,07. 10-3

60% 1,51-101 5,6 3,3 2,44 2,14-10-3
Cepe~po 6 ,27-10? 2,72 1,8 1,_12 ,W.10-3

Key: (1). Material. (2). Conductivity for direct current ',(S/rn).

(3). Linear attenuation a'(db/l0O m) with X=8 cm, for waveguides.

(4). Depth of penetration of current (mm). (5). Copper. (6).

Aluminum. (7). Brass with content of copper. (8). Silver.

Page 83.
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Chapter 4.

NOISE LEVYL AT THE INPUT OF A RECEIVER.

4.1. Initial positions.

The noise level at the input of a receiver is defined both by

the value of its own thermal noises of the receiver p.,, and by

intensity of noises of different sources and circuits external with

respect to the receiver. Ambient noises include: the radio emission

of the atmosphere, which has thermal character,. thermal noises of the

Earth and antenna, and also thermal noises created Ly different

circuits connected to the input of the receiver (by feeders, by

filters, etc.). Furthermore, considerable noise level at the input of

a receiver can be created by extraterrestrial sources - radio

emissions of the sun, moon, and planets and by space radio emissions.

Radio emissions of the sun, which, as show radio-actronomical

observations, in remaining on the averege constants, have both

short-term periods of an increase in level during 1-2 min (repeating

after 20-30 min) and prolonged periods of an increase in radiation
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level, are most intense. The latter are approximately ten days per

annum in the per ds of the maxima of solar activity, repeating,

approximately, in 11 years.

CoSmic i'adio-frequency radiation is determined by two forms of

sources: by sources, which are located within limits of our galaxy

(galactic radio emission), and by sources, which are located beyond

its limits (metagalactic radio emission). Cosmic rad.o-frequency

radiation in the space is distributed unevenly, moreover angular

dimensionz and intensity of the emission of the sources, observed

from the Earth, prove to be different: together with the very

extended sources with the low power of radio emission it is possible

to observe comparatively powerful/thick sources, whose

sizes/dimensions comprise several angular minutes (Cassiopeia-A,

Cygnus-A, etc.).
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By nature galactic radio emission can be subt'ivided into two

groups: to thermal and nonthermal.

Nonthermal radio emission is determined by

oscillations/vibrations of inhomoyeneous plasma and by emission of

relativistic electrons in presence of magnetic field. Nonthermal

radio emission dist'ributed in outer space almost evenly and

predominates on the longer waves than thermal (approximately
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increasing with an increase in the wavelength proportionally •03+08)*

Thermal radio emission predominates on waves of shorter than

1-1.5 m and virtually it does not depend on frequency.

Solar noise, Moon, planets and discrete/digital sources,

distributed cosmic radio-frequency radiation they are characterized

by continuous spectrum and it is very weakly polarized.

Knowing character of motion of satellite relative to sources of

cosmic radio-frequency radiation, it is possible to previously

predict moments of time, when the receiving antenna proves to be

simultaneously directed toward the source of the 5ignal and source of

cosmic radio-frequency radiation. In this case the ratio of the

received signal to the total value of noises must not be lower than

the certain assigned magnitude, determined by the parameters of the

system of communications (by form of modulation, with the power of

transmitters, by antenna gain, by receiver circuit, etc.). This in

the equal measure relates both to the section of communication the

Earth-ISZ and to the section of the ISZ-Earth. On the basis of the

given considerations it is possible to consider that the total power

of the noises at the input of the receiver is determined by the

fcllowing components:

Pa -Pa +P+P+P. (4.P . )
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Here p,, - inherent noise of the receiver;

PA - antenna noises taking into account thermal noises of

atmosphere, noises of Earth and effect of radome;

P0 - noises, created by feeder and other circuits, connected to

the input of the receiver;

p,,,. - noises created by radio emissions of the sun, moon and

planets and by space sources.

In subsequent sections of this chapter the determination of the

values and enumerated components of the noises is examined.

4.2. Noise temperature of quadrupoles and receivers.

Noisiness of quadrupoles it is accepted to characterize by noise

factor or by efficient noise temperature.

Page 06.

Ratio of total power of noise at the output of the quadrupole,

determined in a single frequency band, is called the factor of noise

of quadrupole at certain frequency to power, caused by noises of

input resistance, at standard noise temperature, which usually take

as equal to T0 =2e00 K [4.11. Thds, considering that the transmission

factor of quadrupole according to the power is equal to M, in

accordance with the determination we obtain

-- r(4.2.1)
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Here k=1.38.10-2 3 J/deg - Boltzmann constant.

Let us establish the dependence between factor of noise and

efficient noise temperature of quadrupole. If on the input resistance

of the quadrupole with the transmission factor M a certain source in

the band of frequencies Af there develops the nominal power of the

noise

P; =ATrAf, (4.2.2)

then at the output of the quadrupole in the same frequency band the

nominal power of noise P;,,, will be equal to the sum of the power of

-: noises, obtained during the amplification of noises, subject from

source P., and the inherent noise of quadrupolePmx,,. Thus,

P' =P M+P 1,,,. Hence follows that the power of the inherent noise

of quadrupole, in reference to its input, upon consideration of

(4.2.1) and (4.2.2), can be expressed thus:

SM P. ,krAfL1--kT.Af=kT0 Af(1--1).
(4.2.3)

Quadrupole examined with respect to noises can be substituted by

certain two-terminal network, which has such efficient noise

temperature T, at which two-terminal network on matched load in

frequency band, equal band of frequencies of quadrupole, develops
power P., equal to power of inherent noise of quadrupole, converted

I>5
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to its input. Keeping in mind, that for the two-terminal network

PMA = kT, A f (4.2.4)

and, equalizing (4.2.3) and (4.2.4), let us find

'A = To (LU-- 1). (4.2.5)

Hence

LI=:1+ (4.2.6)
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From expression (4.2.5) it follows that efficient noise

temperature, equal to zero, corresponds to noise factor, equal to

one. Let us note that into expression (4.2.5), just as into

expression (4.2.1), the noise factor enters together with temperature

"T,, standard for determining the noise factor. Without the indication

of this temperature (usually it it is taken as the equal to 290'K)

the value of noise factor does not have a sense.

Let us note that in ai: givsn considerations it was assumed that

factor of noise M and value of transmission factor of quadrupole

according to power M in band of frequencies Af in question were

constant/invariable and identical with any value of frequency f,

which lies at band Af.

In examination of quadrupoles very wide passband it is necessary

to consider with fact that values M and M, found for the maximally

§ • narrow a~nds of frequencies df, which lie within the cut-offtY,7

--- - - -
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frequencies f, and f 2 , can prove to be different (Fig. 4.2.1). Thus,

in the general case these values can be the functions of frequency,

i.e., M=M(f) and 1=1(f), where value f is taken within the band of

frequencies f:Sf5f 2 in question.

It is obvious that in general case power of noises at the output
of the quadrupole in the band of frequencies Af=f 2-f, will be

determined by expression

P = kT. U(1) M (h df. (4.2.7)

Let us note that the concept "broad band" of transmission of

quadrupole implies that difference f,-f, proves to be of the same

order as maximum cut-off frequency of f,. In practice frequently it

is necessary to deal concerning the selective networks, which have a

comparatively narrow passband, on boundaries of which with values of

f=f, and f=f 2 value M(fh=u (Fig. 4.2.2). In this case the concept

"narrow band" means that

1f1 i < A. (4.2.8)
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f, 4d fZ-

Fig. 4.2.1. Fig. 4.2.2.

Fig. 4.2.1. Derivation of formula 4.2.7.

Fig. 4.2.2. Derivation of formula 4.2.9.
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Specifically, to such narrow-band quadrupoles, which satisfy

conditions (4.2.8), the input and tuned amplifiers of radio receiving

equipment can be referred.

With satisfaction of condition (4.2.8) usually it is possible to

consider that in entire band of frequencies, where M(f) noticeably

differs from zero, factor of noise M(f) proves to be virtually

constant/invariable and therefore it can be carried out as integral

sign. consequently, instead of (4.2.7) we will obtain

p. =k tM(dj = kT0LW (4.2.9)

A change in integration limits is determined by the fact that

with f<f, or f>f 2 , usually value M(f)=0. Introducing the concept of

the amplitude-frequency characteristic F(f) of quadrupole, it is
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possible to register

M W/) Map (, (4..210)

where M0 - transmission factor of quadrupole according to the power,

found for the certain "central" frequency f.. Value

P]) = M U (4.2.11)
Me

characterizes the ratio of the power of oscillations, removed from

the output of the quadrupole during the successive feed to its input

of identical with respect to value of voltages to frequency f and to

a "central" frequency of f.. Then after substitution (4.2.10) in

(4.2.9) we obtain

Ps .I = kT, A ,•fM, (4.2.12)

where

A P =F (1) dl. (4.2.13)

Expression (4.2.13) determines the value of resulting noise

bandwidth Af*, which is equal to the foundation of rectangle with

single ordinate. The area of this rectangle is equivalent the area,

formed by the axis of abscissas and curved, obtained by plotting the

dependence of the square of the relation of ordinates, the

amplitude-frequency characteristic of quadrupole at frequencies f and

f. (Fig. 4.2.3).

F7
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Fig. 4.2.3. Determination of noise bandwidth.

Page 89.

It is possible to show [4.21 that if we serially connect n

amplifiers (quadrupoles), each of which is characterized by its own

factor of noise 1H1m and by transmission factor according to power at

"central" frequency M.>1 (index m it indicates reference number of

one of the n amplifiers), then the common noise factor is connected

with factor of noise of separate amplifiers by the following ratio:

LU/ ///,+ Lu - - i A r (2.,3 . . n)

+ + -I A (3.4, n +L..--1 Alv(n) (4.2.14)
Her 4 A, ... +'*" MIM, . . .A_ Af,

Here Af* (m, m+l,..., n) is determined resulting noise bandwidth

of series-connected amplifiers (quadrupoles), beginning from the

number m; At. - resulting noise bandwidth of all n series-connected

amplifiers (quadrupoles).

Let us establish connection/communication between resulting

noise bandwidth of the n-cascade amplifier and passband of this

)
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amplifier A?.7, which is determined it is determined on detuning,

which corresponds to decay in amplitude-frequency characteristic to

level 0.7 from maximum value. It is obvious that in accordance with

(4.2.13) the noise bandwidth of the n-cascade amplifier

A r, iF2()df.

Results of calculating [4.3] this integral for tuned amplifiers

with circuits tuned for one frequency and with band circuits are

given in Table 4.2.1.
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Table 4.2.1.

tIXCJi* Ika)(Aos& 2 3 4 5 6

Af0
AAR peso~aucuaa

- 1,57 1o 22 1.16 1,131,1111,101,06

AAIA nIIOMIOCBX 3COH-
Typos .) 111 104 1,02 1,014 1.00 1,00 1,00

Key: (1). Number of cascades. (2). Relation ... for resonant

circuits. (3). Ratio ... for band circuits.

__ Page 90.

From Table 4.2.1 it follows that when nh4 with an accuracy

sufficient for practical calculations, it is possible to consider

that AJ; =Afo; that noise bandwidth of multistage amplifier is equal

to passband of amplifier.

Let us turn to an examination of expression (4.2.14). Since for

amplifiers Mm5,1, from (4.2.14) it follows that:

1) the factors of the noise of the last amplifier stages affect

the common noise factor considerably less than the factors of the

noise of the first cascades;

2) for reduction in the common noise factor it is desirable so

that first stages of the amplifier would have largers possible
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"actors of amplification and narrower frequency band so that the

resulting band of frequencies of the network of amplifiers would be

determined precisely by the first cascades.

Let us note that in the literature relationship/ratio (4.2.14)

sometimes is given in the form

]//=LU + M +MM, +" I +HMis. .M,._ . (4.2.15)

From a comparison of the last expression (4.2.14), it follows

that this recording is valid when

A .. (2,3, n .) A A/*(34 .. =ar(n)
"". ,1" A A

This i"; possible if all series-connected amplifiers have an

identical, strictly rectangular amplitude-frequency characteristic.

When the band of frequencies of the amplifiers is determined by

second cascade/stage, i.e.,

A f*(Z 3, .1n)Af

and the amplification factors are so great that in expression

(4.2.14) it is possible to disregard all terms beginning from the

third, we will obtain

For calc ultn the- e (4n2e16)MI

For calculating the efficient noise temperature of •

i.g
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series-connected amplifiers we will use expression (4,2.6), after

registering it in the form:

To

fU/= 1 7%].Toz

To

Then with substitution into (4.2.14) after conversions we obtain

T,,,=T3 1+. ... ... (1MT
T, = T., +T-r-, A f*(2'', -. "'* " ) + T" 6 * 3,,• . , . .-.

Page 91.

Hence follows that total efficient noise temperature is

determined to a considerable degree by value of transmission factors

accordirng to power of first stages of amplifier.

In the case of satisfaction of conditions, formulated in

obtaining of expression (4.2.1W, we find

S(4.2.18)

Values of Ta,, T. and M, are determined by schematic of first
amplifier stages. The efficient noise temperature of radio receiving

equipment in the dependence on the diagrams of the first

:e<s'-ades/stages can take the different values, which differ into

hundreds of times. Fig. 4.2.4 gives approximate values T, for

receivers with different input cascades.
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One should note, that low-noise input caccades are complicated in

manufacture and operation. Therefore, the selection of the receiver,

for example, with the laser, must precede the technical-economic

comparison of this receiver with other possible versions. At the same

time the selection of the diagram of the input device of the receiver

must be determined by gain in the value of total noises. Thus, for

example, in accordance with expression (4.1.1), the installation of

the low-noise input devices of the receiver-(for example, laser) is

appropriate only then, when the sum of the remaining components of

noises at the input of the receiver (PA+Po +.P,,cM) proves to be of the

same order as the inherent noise of the receiver. The case, when

PA±P,+P(o•uM'PmpP characterizes the incorrect selection of the diagram

of the input device of the receiver, which causes excessive

complication and rise in price of the receiver. In this case the

transition/junction to the simpler input device is advisable,

although the amount of the total power of noises at the input of the

receiver in this case somewhat will increase.

S,"N
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hhi ,apuKegn uv;(5C)

gCU~lItMA 4 ,

Fig. 4.2.4. Values r. of receivers.

Key: (1). Crystal mixers. (2). Tunnel diodes. (3). Parametric

amnlifiers. (4). Lasers. (5). MHz.
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Let us consider now the case of series connection of attenuator,

i.e., quadrupole with transmission factor according to power MaT<i,

or with coefficient of weakrning

Ib-a- >? (4.2.19)

Let us represent attenuator in the form of overall equivalent

diagram, formed by the T-connection of resistors of R,, R, and R,

(Fig. 4.2.5), coordinated with the input resistance R,,. If the

weakening due to lcsses in the attenuator is equal to B,, then under

the matching condition the value of resistances is determined as

follows:
Rj= R.. N+ -- R,

BA,,- I
R,= Rm? B81+ I Rs (4.2.20)

B&.. I

*121/

. . . - - - - --I-
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We will consider that the attenuator has a temperati;.re TIT, i.e.,

each of the resistcrs of R,, R,, R, is heated to temperature TIT and,

consequently, for each of them certain noise emf

ek = 4UT,, A fR., (4.2.20)

where index k determines index of resistors/resistances of

attenuator, is created.

In this case power of noises at the output of the attenuator

P,,,, will be:

e RiR.3 + 4(R. + R1 + R3)' R.. + 4 (,R. + RI)'R..P"M ~[ (R&, + R, + R,) (RW + R3+ RS)- _ 3]2

= 4kT. 1 R.. A f RAR + Rs (Ra + R1 + R,) + R, (Rai+ R•1)

[ (Ru +,Ri+ Rr) (am + R, + Rs) -R3'

After substitution of expressions (4.2.20) and conversions

M 'M= T,, kT A ff -(-M,1 ). (4.2.22)
B-7

Let us find the efficient noise temperature of matched

attenuator in the absence at its input of signals. For this we use

the already used previously procedure: we will consider that power

P.... is equal to the power of noises P.2 of a certain

resistor/resistance, heated to temperature Ta.uz. i.e.

Pg 1ff8 . A I
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, R

Pig,. 4.2.5. Equivalent diagram of attenuator.

Page '93.

Equalizing this expression to value P.,,, found from (4.2.22),

we will obtain

Tu= T. '-- =T.(--M,,). (4.2.23)Bj

From this expression it follows that when transmission factor of

attenuator Ma,-0.o (coefficient of weakening Ba,-Too), effective

temperature at its output proves to be equal to temperature, to which

it is heated.. When the attenuator does not introduce the attenuation

(BU,-l),its effective temperature becomes equal to zero.

Let us note that expressions (4.2.22) and (4.2.23) are identical

to results, obtained in [4.3) by another method.

In number of cases it is necessary to know effective temperature

of the attenuator, in reference to its input. Let us fulfill for this

the appropriate conversions, taking into account that transmission

factor Ma, and the coefficient of weakening of the attenuator are
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connected by the relation (4.2.19).

It is obvious that the power of inherent noise of the

attenuator, converted to its input, can be determined upon

consideration cf expression (4.2.22) as follows:

S=a1 kTAf( -M.. Ma)

Introducing into the examination the two-terminal network,

equivalent according to power of noise with effective temperature

T.., equating, let us find

T.. = T., (B&.- 1)= T.a I -M" )* (4.2.24)

On the basis of expression (4.2.24) it is possible to draw

conclusion that switching on/inclusion of attenuator leads to an

increase in the efficient inlet temperature.

We use expression (4.2.24) for calculating efficient noise

temperature of feeder, which combines the antenna with the receiver.

Keeping in mind that the value of efficiency of the feeder,

introduced in Section 3.6, is connected with the coefficient of

division with the relationship/ratio

in

upon consideration of expressions (4.2.24) and (3.6.1) with the

replacement of subscripts "aT" (attenuator) by "4" (feeder), we will
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obtain

ToX = i h -1-O,5 (k+ -- shi2%l-1. (4.2.25)

In this expression T,, determines the efficient noise

temperature of the feeder, converted to its input, and T. - physical

temperature of the feeder. In Fig. 4.2.6 in accordance with

expression (4.2.25) the graphic dependences with the different values

of the K6B [kbv - travelling-wave ratio] are constructed.

Page 94.

From expressions (4.2.24) and (4.2.25) it follows that switching

on/inclusion of attenuator (or feeder with certain attenuation)

unavoidably leads to increase in effective temperature, converted to

its input. In this case, if temperature TT,=2900K when B,,= 126 (1

dB), efficient noise inlet temperature T.31=75,50K; when BaI=.1,023 (0.1

dB)- Tai8 ==6,7 0K.

Thus, introduction of attenuation to 1 dB leads to an increase

in the inlet temperature of 75.5 0 K, and each tenth of a decibel

attenuation increases the inlet temperature by approximately 7*K.

Hence it follows that if the noise temperature of the antenna,

directed to a certain point of the firmament, is equal to 200 K, then

in the case when the antenna is connected with the receiver by feeder

with k=l and attenuation 1 dB, this will be equivalent so that at the

_- s input of the feeder (at the output of the antenna) the total

'N
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efficient noise temperature will be 20*+75.5*=95.5 0 K. But if between

the antenna and the receiver feeder will be without the attenuation,

efficient noise inlet temperature of it will be 200K. Hence it

follows that the attenuation of the feeder will lead to a

considerable increase in the value of noises at its input (in the

examined case 95.5/20-5 times).

4.3. Intensity of the emission of space.

With the reception of signals emitted by the moving

communication satellite, terrestrial antenna system in process of

"tracking" satellite must be directed for different regions of

celestial sphere. Consequently, picking up signal, emittec

satellite, antenna will accept the radio emissions of diff 'nt space

sources, which have both discrete/digital, and distributed aracter.

Space sources usually characterize by using concepts of the spectral

density of flow and spectral intensity of radio emission.
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12
Of

44 4 1 as I,.

Fig. 4.2.6. Change in T. at the input of the feeder with different

attenuation and K6B.

Key: (1). Np. (2). dB.

Page 95.

Spectral density of flux of radio emission -t is determined by

the power emitted by the source in single frequency band and passing

through single area/site in direction of normal to this area/site.

The spectral intensity J or the brightness of the source of radio

emission defines as the limit of the spectral density of power flux,

in reference to infinitesimal solid angle. Therefore J is connected

with the flow 4) by the dependence

i=ijlir A-, W/m2 -Hz-sr, (4.3.1)

where Mi - solid angle (in the steradians). From this expression it

54
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follows

where % - solid angle of source.

In number of cases to more conveniently use concept of

brightness temperature Tn, which is equivalent temperature of

blackbody (OK) of the same gecmetry, as observed source, and having

at this frequency in this direction the same spectral intensIty. The

functional dependence of the temperature of black1bdy and spectral

intensity is determined by Planck lvA

e 4TA -

Hence, knowing J, it is possible to find temperatures To of

blackbody. Here h - Planck's constant; k=1.38.10- 2 3 J/deg - Boltzmann

constant; X - wavelength of the radio emission adopted; c0=3.10'*

cm/s - speed of light.

In radio-frequency range usually ŽL.eKkT, and spectral intensity

of blackbody can be described by approximate expression of

Rayleigh-Jeans:
= 2k•, (4.33)

Taking into account (4.3.2), let us find that the flow in the limits •

• ' t - tt -' F - " -..- ' r=J. =' •- . U- -.--- e - . - -' - r - - - - -,
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of solid a 9. • at a unifornm temperature of source will be

(-D-. •T . (4.3.4)

Page 9..

Let us determine power on ntched termination of ideal antenna A

(i.e. this antenna, which loss-free and minor lobes), directed in

d ection of bla'cibody. We will consider that it is located at a

di~stance of L from the antenna Wig. 4.3.1) and relative to antenna

has angular dimension %,. If blackbody has a temperature of T, then in

the si:ngle solid angle in the direction, which czmposes angle 8, to

standard/normal R, intensity of radio emission, the numerically equal

to the spectral power density, which emerges from the unit of the

surface of this body (see Fig. 4.3.1), according to [4.4):

J = 2-r cos (. (4.3.5)

If the antenna is designed for reception of oscillations with

linear polarization, then value J it is expedient to represent in the

form two componfent J=J*+J**, one of which completely corresponds to

polarization ot oscil4.i£ons, taken by antenna, and the second -

orthogoial to it. In the case if the source creates nonpolarized

radiation J*=J**=J/2. It is obvious that during the nonpolarized

pnissiorn, acting on the antenna will be the spectral intensity or the

spectral power density, which emerges from the single surface

2 2n"i O. (4.3.6)

The spectral power density, determined by expression (4.3.6), will

be accepted as ant@nna witlh efficient surface S., in solid angle
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S' (see Fig. 4.3.1). Consequently, the antenna power adopted, which
LI'

emits the blackbody from surface element do (see Fig. 4.3.1) it will

be

dP E T__ j cos E *a S .

2ii

'W1
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Fig. 4.3.1. Determination of equivalent temperature of the source.

Key: (1). dB.
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Since the value (1/L,)cose.da=d0 - solid angle of area/site do

from direction of the antenna, for determining the total power taken

by the antenna, should be led integration for solid angle Q, in

limits of which the blackbody proves to be "visible" from the

location of the antenna. Thus,

p = . S,.d 9.(4.3.7)
Ws

Let us take into account that the efficient surface of the

antenna can be expressed through directive gain D. [see (3.3.9)), and

the latter is determined by expression '3.3.3).

We .--.aert expression (3.3.3), first of all, let us pass from

integration !or spherical surface to integration in limits of solid

angle 9,. out of which reception to ideal antenna is impossible.
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Taking into account the aforesaid, let us find

12 X2 F2 (0, q)F, = A2 4n F2 (e, p) _ F2(#3, f)AL2

S 4 n a '(, ))d 4n I F2 0 t)dQ, F(, p) d

U 16 % (4.3.8)

SubsLituting (4.3.8) into (4.3.7), let us find

P = -L 0. •(4.3.9)
2a, F2 (e, y)d 9,

When the blackbody, equivalent on spectral power density to

space source, has in individual sections with coordinates 9 and A

different brightness temperature, the last expression zan be

registered in more general view

PF . (4.3.10)P=2a j F1 (8, (p) d 9,.

The power at the output of antenna as a result of reception of

radio emissions of space source or equivalent to it blackbody can be

characterized with equivalent temperature of source, led to antenna

Ta. By value Ta it is accepted to understand the temperature, to

which it is necessary to heat resistor/resistance of R (equal to

output antenna resistance) so that the increment in the power of

noise, created by this resistor/resistance on the matched load, would

be equal to an increment in the power of noise from the radio

emiss'on of source (on the same load).

Page 98.



DOC =86120406 PAGE ~ i'

If resistor/resistance of R has temperature T,, then the power of

the noise in equivalent band of frequencies Af on matched load (equal

R) is determined by expression P,=kTaAf; upon transfer to angular

frequencies Aw=2nAf let us find

P!- kr- AO).
2AT

For single band we will obtain

P.- (4.3.11)

Equalizing (4.3.10) and (4.3.11), let us find

.F(, q=) d (4.3.12)
&F (8, qp) d .

If angular dimensions of the source of radio emission are much

greater width of main lobe of radiation of antenna, i.e., QnK>Q, and

within limits of 9. the value of brightness temperature can be

considered constant Ta(e, P)=T,, from (4.3.12) let us find

- = (r. {4.3.13)
.' FS(O, -)d Q.

i.e. equivalent temperature of source, led to antenna, proves to be

to equal brightness temperature of observed section of radio emission

and does not depend on parameters of ideal antenna.

If the angular dimension of source o, is considerably less than

width of antenna radiation pattern f. then it is possible to consider
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that in limits a value FV(, Q)=F is constant/invariable. Then

T = T. (4.3.14)

When Q,•Q expression (4.3.14) will pass into expression

(4.3.13). By other words, an increase in the sizes/dimensions of the

antenna (and az the corollary of this, the decrease of the width of

its radiation pattern) increases equivalent temperature T, of any

source, converted to the input of the antenna, only until the width

of the antenna radiation pattern Qa becomes equal to the angular

dimensions of source Q.

Page 99.

From an examination of (4.3.13) it follows that with large

dimensions of the source and small changes in its brightness

temperature the intensity of the radio emission it is expedient to

characterize by equivalent temperature, led to antenna, since in this

case this index of intensity of emission of source does not depend on

parameters of antenna. Completely opposite conclusions can be drawn

in the examination of expression (4.3.14), into which enters the

index of the width of the antenna radiation pattern. Therefore, the

sources of radio emission with the relatively low angular dimensions

it is accepted to characterize not by equivalent temperature of the

source, reduced to the antenna, but by another index - usually by the

radiant flux, per unit of area (m2) on the surface of the Earth.

It must be noted that expression (4.3.10) is correct, when
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radiating body is located relative to antenna in remote zone, for

r which concept of directivity and antenna radiation pattern can be

considered correct.

The case when the radiating body is arbitrarily located relative

to antenna is examined in detail in several works: [4.5], [4.6],

whence it follows that intensity of emission can be characterized by

equivalent temperature of source, led to antenna. With the large

sizes/dimensions of the radiating body (for example, in the

examination of the thermal radiation of the atmosphere, which

surrounds antenna), equivalent temperature of source, led to the

matched load of ideal antenna, does not depend on the parameters of

antenna.

One should note that emissions of space sources and atmosphere

to a considerable degree determine the sensitivity of the receiver.

Let us pass to examination of special features of noises of

different sources.

Galactic noise, as has alroaady been mentioned in Section 4.1, it

is possible to subdivide into two groups: noises, caused by discrete

sources, and distributed galactic noise5 (background noise), which do

not have specific sources.
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Table 4.3.1 gives information about noises of most

powerful/thickest galactic sources (based on materials [4.7]).

For calculation of power of noise of that taken by antenna,

directed toward source, with width of band I Hz it is necessary to

multiply the values given in Table 4.3.1 by the efficient surface

S4 of antenna.



DOC~ 861;0406 PAGE A /9/

Table 4.3.1.

C-euTpa"biasx n. •JTO UZ)IWioc

2,00 '6,5. 10- 2 ,3-10" ,5.1iO-2
1000 3.10-23 J2.10-2 IV23

3000 10-23 7,5.10-2 8.10-2,
10000 4.10-24 1j 17-10-2 5.10-4

Key: (1). Frequency MHz. (2). Spectral power density W/m2 , Hz. (3).

Cassiopeia-A. (4). Cygnus-A. (5). Taurus-A.

Page 100.

Intensity of distributed galactic emission is maximum in

direction of Milky Way and is minimum in direction of galactic poles.

This noise virtually does nr.ot depend on the efficient surface of

antenna, since the angular dimension of noise source almost is always

greater major lobe of the antenna radiation pattern. The noise

intensity can be expressed in W/Hz or in the form of the equivalent

temperature source reduced to the antenna. The approximate numerical

values can be found in Table 4.3.2, from which it is clear that with

an increase in the frequency the noise temperature sharply decreases.

The intensity of radiation of the sun (constant component and

average value of slowly varying component) can be illustrated by data

of Table 4.3.3. [4.71. In the numerator there are cited data which

correspond to the maximum, while in the denominator, to the minimum
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of solar activity.

Radiant fluxes of Moon and planets, measured at frequency 3000

MHz, are equal approximately to 7.6.10.22 W/m2Hz. Flow at the

frequency of 9000 MHz comprised for Mars 6.5.10-26, for Saturn -

4.10-2`, for Venus from 4 to 9.10.2` W/m2Hz 14,8J. The averaged, on

the disk of the Moon, Venus and Jupiter, brightnass temperature at

the frequency of 3000 MHz respectively comprises 218, 600 and 700°K,

and at the frequency of 9400 MHz - 210, 580 a., 180 0 K [4.7].

A comparison of flow values of emission sbovi that sun - most

intense radiation source.

One should note that angular diameter of sun for a ':terrestrial"

observer is 32', and the angular diameter of the moon in perigee and

apogee is, respectively, 33.7' and 29.4'. Therefore, the probability

of the direction of the receiving antenna to one or the other planet

accurately proves to be very low. But it is necessary to consider the

presence of the minor lobes of the antenna radiation pattt n, which

can coincide with the direction to the sun, which in the periods of

the intensive solar radiation can lead to disturbance/breakdown or

deterioration in the connection/communication.
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Table 4.3.2.

SId5Nsa meunTaR Ue~nIaXypa

• dCTOT ,, •wy i. 'K (3)

200 10M) 1500
1000 <A 30

3000 < I I

Key: (1). Frequency M$z. (2). Equivalent noise temperature, *K. (3).

minimum. (4). maximum.

Table 4.3.3.

EfacmoT", Maq () 10ooj 000 j 1200 1 60 2

CnecrpaAbllah naoTmOc'b MOUUI=c, 32 13 7 5

8T - -21(2 27 -ST6,535250

Key: (a). Frequency, MHz. (2). Spectral power density, W/m2 .Hz 10"2.

I

I.
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As show given numerals, power of noises, caused by emission of

planets, in comparison with power of noises of other sources is very

low and it can be disregorded/neglected.

Noise of water vapor and molecular oxygen. epmputation of

intensity of emission (thermal noises) of atmospheric oxygen and water

vapor, and also dependence of value of these noises from angle of

elevation of antenna and frequency are given in [4.9).

Fig. 4.3.2 [4.10) shows dependence of equivalent temperature of

atmosphere, given in antenna, on frequency and angle of elevation A3,

and also are given the straight lines showinig exemplary/approximate

limits of temperature of cosmic noises. Equivalent temperature of the

atmosphere, led to the antenna, or as it is sometimes called, the

temperature of antenna, depending on angle of elevation A3 it can be

found frcm the approximation formula

T. 2.L,5, oK. (4.3.15)

This formula is valid in the range 1-8 GHz at A3>3-50.

With value A40 value Ta in frequency band indicated in accordance

with graphs/curves rig. 4.3.2 reaches 90-1400.

Theoretical curves of Fig. 4.3.2 coincide well with results,

obtained experimentally L4.18). C
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Fig, 4.3.2. Equivalent temperature of space sources and atmosphere.

Key: (1). Space sources. (2). min. (3). max. (4). Atmosphere.

(5). f, GHz.

Page 102.

Examination of curves Fig. 4.3.2 show that in the range to 4 GHr.

it is necessary to consider both the cosmic noises and the noises,

caused by atmospheric absorbtion. At higher frequencies (from 4 to 10

GHz) only the noise, connected with the atmospheric absorbtion, is

developed. With the decrease of angles of elevation the value of

noises grows so rapidly that the use of angles of elevation of less

than 5-7* is unsuitable. One should note that at small angles of

increase the probability of interferences from ground radio

engineering equipment, industrial units and reflections from all

possible ground features increases also.
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During calculations of curves, shown in Fig. 4.3.2, it was

.4 assumed that absorption, and consequently, also 3mission of atmosphere

. are completely determined by water vapor and oxygen at frequencies

* 22.5 and 60 GHz respectively. During calculations the dependence of

temperature and pressure of the atmosphere on the height/altitude was

taken in accordance with the international standard, and the content

of water vapor was received as that changing according to the linear

law - from 12 g/m 3 on the earth's surface, to zero at the

height/altitude of 5 km.

With other content of water vapors, as show theoretical and

experimental works, equivalent temperature of atmosphere changes.
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,• Fig. 4.3.3. density effect of water vapor on equivalent temperature of

the atmosphere.

Key: (1). Excess of noise temperature of the atmosphere above the

temperature in the zenith, OK. (2). G~z. (3). Calc-ulation. (4).

Water vapor density g/m'

Page 103.

Fig. 4.3.3 [4.11] gives the result of calculating the excess of value

ta above equivalent temperature of the atmosphere in the zenith from

the density of water vapor for different angles of elevation A3 (dotted

curves) and the measurement at the frequency of 6 GHz. The curves of

Fig. 4.3.3 attest to the fact that a change in the water vapor density

, especially strongly is manifested with the values, which exceed 12- 14
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g/mJ; in this case an identical change in the water vapor density in

the case of small angles of increase, a considerably larger absolute

increase in equivalent temperature is caused, than in the case of

large angles of elevation. i(he calculation of the effect of rain on

the noise temperature of the atmosphere is difficult.

Fig, 4.3.4 presents comparative data about the noise temperature

of the atmosphere in the range 6 GHz during the rainy and dry days

depending on angle of elevation /.

Besides water vapor oxygen, in the atmosphere, especially at high
altitudes, there are also other absorbing media - ozone and different

ionic formation/educations. However, the concentration of these media

is low; therefore at frequencies, which exceed 100 MHz, by the

absorption (and consequently, and by emission) of these media it is

possible to disregard/neglect.

Of the aforesaid it is above and the graphs/curves Fig. 4.3.2 it

follows that for increasing the reliability of

connection/communication and decrease of noises the frequency band,

intended for the communication systems through ISZ, must be within the

limits from 3 to 8 GHz. At higher frequencies the noise due to the

absorption in the water vapor (especially with the strong rains)

increases, while lower frequencies affects the effect of cosmic

noises. precisely these considerations, and also the account of the

already available radio equipment, they were assumed as the basis of •

--
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Sthe international distribution of radio-frequency bands for the

communication systems through ISZ accepted in Geneva in 1963.7this

distribution given in Appendix 3.

Intensity of emission of Earth. The equivalent noise temperature

of the Earth, led to matched output antenna resistance, is taken as

the equal to 290 0K.
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Fig. 4.3.4. Noise temperature of atmosphere for dry and damp/raw day.

Key: (!). GHz. (2). Measured speed of rain 6.35 mm. (3). Charge

of water vapor of 5 ;,'mM. (4). Rain clouds there is no rain. (5).

Zenith. Antenna position degrees.

Page 104.

4.4. Noise temperature of antenna.

Noise temperature of real antenna is determined by two factors:

by thermal radiation of atmosphere and by emission of Earth. In the

communication systems through ISZ are utilized terrestrial antennas

with the larger factor of amplifications, which have the width of

radiation pattern of approximately one degree or even less. Such

antennas, taking into account Fig. 4.3.2, for decreasing the

equivalent noise temperature of the atmosphere are utilized at the
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•- angles of elevation, greater than by 5-70.

"* Consequently, it is possible to consider that emissions of Earth

will act on ground-based antenna only through minor lobes. If ve

consider that at the angles of elevation of 6>7* in the range of the

frequencies of 3-8 GHz equivalent temperature of the atmosphere in the

absence of rain according to Fig. 4,3.2 does not exceed 200K, but

equivalent temperature of the Earth is equal to 290 0K, then becomes

obvious the effect of the side-lobe level of antenna on its total

temperature. let us explain this by the curves of Fig. 4.4.1 of work

A4.11).

C.,3



DOC 86120407 PAGE

. •~~80-.-" "
60,

(g 40 Hj . . .-. . .

0 10 20 30 40 50 60 70 80 90

------- cnadamuu R . cna-THuu
IZ7- 1 .0 OR'JUR AT o6.UeHUR
f -- - ) anlm ftw i " vHrmj b

Fig. 4.4.1. dependence of the noise temperature of antenna on angle of

elevation with 10 and 6 dB the drop of irradiation to the edges of

antenna, f=2 GHz; I - total noise temperature; II - portion of the

minor lobes, III - portion of major lobe; IV - portion of rear

lobes/lugs.

Key: (1). Noise temperature. (2). With 10 dB drop of irradiation

to edges of antenna. (3). With 6 dB the drop of irradiation to the

edges of antenna.

Page 105.

In this figure it is shown the dependence of the noise temperature of

antenna at the frequency of 2 GHz on the angle A with two versions of

irradiation, and also relative values of the noises, which fall to

major lobe of diagram and minor lobes of front/leading and rear



DOC 86120407 PAGE 3A6

hemispheres. It turns out that the noise, which arrive on the minor

lobes, is most significant and precisely these noise determines the

inherent noise level of antenna. In this case is very important the

fact that the noise, which arrives through the minor lobes, to a

considerable extent depends on the method of irradiating the antenna

dish: with the sharper drop of irradiation to the edges of antenna

smaller minor lobes are obtained and noise temperature decreases. One

should note that simultaneously with this deteriorates the use of a

surface of antenna, which leads to reduction in the amplification

factor with constant dimensions of antenna dish.

hey usually consider that the optimum drop of field to the edges

of aperture is equal to 10 dB. However, in this case minor lobes

prove to be still considerable and in the case of using the low-noise

input receivers the value of antenna noises can prove to be very

noticeable. 4ransition/junction to larger decay in the irradiation at

the edges of mirror, although it will lead to the decrease of the

antenna gain, nevertheless, due to a decrease in the side-lobe level,

it is possible to lead to an improvement in the resulting

signal-to-noise ratio.

In connection with this, since in practice condition of drop of

irradiation to edges of mirror usually is satisfied, at least, on 10

dB, in accordance with Fig. 4.4.1 we will approximately consider that

due to minor lobes temperature of ground-based antenna increases by

value

ST, = 23 + 0,2 (90-P), (4.4.1)
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where p - determines angle of elevation in degrees.

Application for terrestrial stations of antenna fairings

(protective hoods) leads to additional increase in total temperature

of antenna.

Fig. 4.4.2 gives theoretical dependence of the'component of noise

temperature of antenna at different frequencies, caused by fairing,

covered with water layer of different thickness [4.12]. Dotted lines

showed the total component of noise temperature antennas upon

consideration not only of the layer of water, by the thickness K,

which covers fairing, but also the fairing itself, made from the

dielectric material, for which e=3+iO.045. in work [4.12] is noted

that the thickness of water layer, equal to 0.125 mm and 0.25 mm, with

the spherical fairings with a radius of 15 m it is formed at the

intensity of rainfall 3 mm/h and 25 mm/h respective

Page 106.

For the spherical fairings about the radius of 30 m the thickness of

water layer, equal to 0.125 mm and 0.25 mm, it is formed during

precipitation with an intensity of 1.5 mm/h and 12.5 mm/h

respectively. Precipitation with an intensity of 3 mm/h in Tokyo on

the average are observed approximately by 2% of time in the year, in

Paris - 0.5%, and in Halifax (Canada) and Washington - about ya of

time in the year. Precipitation with an intensity of 25 mm/h can
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occur on the average in the year in 0.1 periods in Tokyo and less than

0.01% time in Paris.IE One should note that dry protective hoods of antennas create

comparatively small supplementary noise temperature, whose value

proves to be equal to approximately 3-10'K.

On the basis of aforesaid total of temperature of ground-based

antenna taking into account protective hood can be determined

according to expression

Tz =T Ta+T = T+ 23 + 0,2 (90--0) + T,.

Here T. is determined according to graphs/curves Fig. 4.3.2 in

:I the case of dry weather or according to graphs/curves Fig. 4.3.3 and

4.3.4 in presence of precipitation, P is determined angle of elevation

(in degrees), and T,. is located through curves of Fig. 4.4.2.

For onboard antennas, oriented to the Earth, it is possible to

consider that n,>Q,. and T3>T (here 9. - aperture angle of radiation

pattern of onboard antenna, 93 - angular dimension of Earth,

"observed" from onboard of satellite, T3 - temperature of Earth, equal

to 2900, T - temperature of medium and elements of

construction/design, which surround onboard antenna). Taking into

account that, besides the thermal radiation of the Earth, on onboard

antenna the thermal radiation of the atmosphere will still act,

moreover this effect will occur at the angles of increase of r=900, in
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0, accordance with expression (4.3.14) we will obtain

T, = fT, + TA(90)1, = 1290 + T.(90)1'. (4.4.2)

Here Ta (90) are located through the curve on Fig. 4.3.2 at A=900.
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Fig. 4.4.2. Dependence of noise temperature of radome on thickness

of water layer.

Key: (1). GHz.
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4.5. Changes in the level of noise inlet temperature of the receivers

of terrestrial stations.

As was noted in Section 4.1, noise level at input of terrestrial

receivers is determined by expression (4.1.1) and depends on many

factors. Expression (4.1.1) can be represented in the form

P., = k AfTy, (4.5.1)

where Af - resulting band, Tz - total effective inlet temperature of

receiver, which depends both on the environmental factors (effect of

* .- galactic noise, the effect of precipitation, etc.) and from the noise
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* temperature of antenna, fairing and elements of receiver.

During calculations of communication systems through ISZ, correct

estimate of the magnitude T. has vital importance.

Fig. 4.5.1 gives dependence T, on precipitation intensity for two

different systems. Curve I relates to the receiving system in

Raisting (FRG) at the angles of elevation from 250 to 450.

Horn-parabolic antenna in Raisting has a fairing with a diameter about

49 m, made from the dielectric with a thickness of 1.8 mm, which has

e=3, and tg6=0.015 (6 - loss angle). Curve 2 relates to the receiving

system, which is located in Andover (USA), where horn-parabolic

antenna with the fairing is utilized. Antennas in Raisting and

Andover work in one and the same frequency band - about 4000 MHz

during reception, and about G,00 MHz during the transfer.

Fig. 4.5.2 gives dependences T, on angle of elevation under

different climatic conditions.
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Fig. 4.5.1. Dependence T, on precipitation intensity.

Key: (1). Precipitation mm/h.
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Curves 1, 2, 3 and 4 [4.13) show change T, of the antenna in Ra.-sting;

moreover curve 1 is taken in dry fairing and cloudless sky (5 hours of

30 min.); curve 2 - with the weak rain (intensity ol 0-1.2 mm/h 5

hours of 50 min.); curve 3 - with the rain with an intensity of 1.21-6

mm/h (6 hours of 15 min,); curve 4 - after t!,e terminftion of rain (6

hours of 25 min.). From the comparison of the enumerated curves it is

possible to make a conclusion, first, about substantial change Tx upon

the appearance of precipitation (especially at the large angles of

elevation), and secondly, about the sufficiently good coincidence of

curves I and 4, taken prior to the beginning and after the termination

of rain.

Fig. 4.5.2 by dotted line shows curved 5, which corresponds tc

change Tz from angle of elevation, obtained in dry weather for

•, receiving system in Andover [4.14). The comparison of curves 1 and 5rxA•-
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shows that the character of change T, from the angles of elevation for W

different receiving systems coincides sufficiently well. Curve 6,

given in Fig. 4.5.2, it is constructed according to the theoretical

curves, which determine the noises of the dry atmosphere, which are

given in Fig. 4.3.2 for the oscillations/vibrations with a frequency

of 4000 Hiz.
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Fig. 4.5.2. Change T, from angle of elevation under different

climatic conditions.

Page 109.

-- W (•he comparison of curves 1, 4, 5 and 6 indicate the validity of

theoretical data, used for Fig. 4.3.2, and also the fact that the

inclination/slope of curves 1-5 is determined by atmospheric noises.

The disagreement between curved 6 and 1, and also 5 and I is

determined by the intrinsic noise of receiver, by noises of the

radome, feeder, etc.

It is interesting to examine values of different components of
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noises, which determine value of total temperature -x at angle of

elevation, equal to 900, during clear day. The values of the

equivalent noise temperature of separate components with these

conditions for the receiving systems in Andover [4.14) and Rai.ting

[4.19) are given in Table 4.5.1.

Appearance of precipitation leads not only to increase in noise

inlet temperature of receiver, but also to certain weakening of

signal. ks a result reduction in the ratio of the power of signal to

the intensity of noises at the input of receiver is observed. This

can be shown by the curves of Fig. 4.5.3, where curve I characterizes

a change in the ratio of the power of signal to the noise for thp

receiving ;3yst;em in Raisting [4.133 at the angles of elevation from

250 to 45c. Curve 2 is constructed for the case, when the power of

signal does not change, but only the power of noises in accordance

with curve 1, Fig. 4.5.1 changes. Thus, a difference in the ordinates

between curves 1 and 2 in Fig. 4.5.3 determines fading signal in the

presence of precipitation. Curve 3 characterizes change in the

relation in question at the angle of elevation, equal to 280, for the

receiving system in Mill Village (Canada), where is

established/installed two-mirror antenna (Cassegrain), by the diameter

of 25.9 m, the covered by fairing [4.15) antenna works in the range of

approximately 4000 MHz and 6000 MHz and has amplification by 59 and 60

dB respectively.
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° Table 4.5.1.

Ha14eaosaane KOuflOHeITa. onpeAeqjolqero -p C)CeMb
uyMoyljo TeeulepaTypy, 0K ') "

_I * AlAoeepe I D PaferTNiure

ATMoc~epa npH cyxoil I1oroAe 69) 2,4) 2,0'
Paccenwlie oTeKaTe(asi it 6OKOBhze zie-

flecTKH aHTeHiHUb 1.4• 94

FoliHoatMu ofTeKaTeJmI3fl 33

l'oTepii alHTeHMI t%) tie npiiseAe.ea (} 0,5'

rlOTepi. i ao•IO u.oBix aeuiix (to) 14,2' 10,2'

WyMbi npHeMHmKa (xBailToBoMexamItec-'
Xdi yc•N•HWeb C noCAeAyIouWHM KOacKIaAo), I[t 4' 4,3W

Cymmapmax WyMoHaM TeMnepaTypa (• 1 32,0' 29,00

Key: (1). Designation of the component, which determines the noise

of temperatures, OK. (2). Receiving systems. (3). in Andover. (4).

in Raisting. (5). Atmosphere in dry weather. (6). Scattering

fairing and minor lobes of antenna. (7). Absorption of fairing.

(8). Losses of antenna. (9). it is not given. (10). Losses in

waveguide circuits. (11). Receiver noise (quantum-mechanical

amplifier with subsequent cascade/stage). (12). Total noise

temperature.

Page 110.

Curve 4 in Fig. 4.5.3 characterizes a change in the ratio of the

power of signal to the power of noise in the case of precipitation of

different intensity for the receiving system in Andover [4.143.

Together with given graphs/curves, during calculations of

communication system through ISZ and evaluations/estimates of

qualitative indices of such systems, it is very important to know

distribution in time of change in total noise temperature of entire
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receiving system T. and ratio of power of signal to power of noises.

Fig. 4.5.4 shows curves, which characterize distribution of value
I in time: along axis of abscissas is plotted probability (in

percentages), with which value T. - is less than values, indicated

along axis of ordinates. Curves 1, 2, 3, 4 for different angles of

elevation are obtained at the receiv.ng station in Ploemeur-Baud

(France) [4.163.
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Fig. 4.5.3. change in the ratio of the power of signal to the noise

from the intensity of the precipitation.

Key: (1). (dB). (2). Precipitation, mm/h.
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Fig. 4.5.4. Distribution Tz

Key: (1). Percentage of time, during which value .,. less than the

values, indicated on the axis of ordinates.

Page 11.,

Let us note that statistical change T, in the curves of Fig. 4.5.4 is

determined by meteorological conditions. It follows to indicate that

in Ploemeur-Baud reception is realized with the horn-parabolic antenna
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system, analogous antenna to the system, established/installed in

Andover. Curve 5 in Fig. 4.5.4 characterizes distribution in the time

of value T. for the receiving installation in Raisting [4.13]. The

distribution in the time of a change in the-relation of the power of

signal and power of noise (in dB), measured in the band 8 kHz for the

receiver in Ploemeur-Baud, is given in Fig. 4.5.5. On this

graph/curve is shown the distribution of the relation indicated for

the case, when the reception of the signals of the synchronous

satellite HS-303, whose orbit had an inclination of 180, was realized,

and tne ascending node - 30* the western longitude/length.

Certainly, during the reception of emissions of satellites, which

move along the orbits with other parameters, distribution curve will

take another form, than in Fig. 4.5.5. It is natural that relocation

of reception or equipment will also give to with changes in the

distribution curve. From the examination of the given curves very

essential conclusion/output can be made - in the communication systems

through ISZ the distribution in the time of the ratio of the power of

signal to the power of noises has smooth character, the range of a

change in this relation lying/resting within the limits of several dB.
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Fig. 4.5.5. Distribution of ratio of power of signal to noise.

Key: (1). dB. (2). Percentage of time, during which value less

than values, indicated on axis of ordinates.
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Chapter 5.

Calculation of the ratio of the power of signal to the thermal noises

at the output of the communication system.

5.1. Initial relationships/ratios.

Signals, transmitted by line of communications, undergo effect of

interferences. It is accepted to distinguish two forms of the

interferences: additive and multiplicative.

Additive interferences can act on receiver independent of

presence of signal and are developed in the form of interferences,

which are totalled with signal. Additive interferences are caused by

different reasons: by the thermal agitation of molecules, by the

emissions of different stations, which affect the input of receiver,

but its not changing parameters, by man-made interferences, etc.

Multiplicative interferences lead to random changes in parameters

of communication channel and they are developed only in presence of

signal. The multiplicative interferences include different phenomena,

which occur in the communication-channel, including the phenomenon of

the fadings, caused by multiple-beam propagation of signal.

In communication systems through ISZ at sufficiently large angles•,
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Sof elevation (A>3-5*) with phenomenon of multiple-pronged propagation

virtually it is possible not to be considered. The parameters of the

communication channel through ISZ it is possible to consider

time-constant: the change of the signal level at the input of

receiver, caused by the variable distance during the motion of

satellite relative to the Earth or by other reasons (for example, by

supplementary attenuation in precipitation), it occurs in the small

limits relative to the value of fundamental attenuation. These

changes are very slow - signal level varies from maximum to minimum

value for several hours. Therefore in the communication systems-

through ISZ should be considered only additive interferences. This is

confirmed by experimental investigations. Let us note that the

additive interferences are frequently called noises; this term will be

used with the following presentation.

In Chapters 3 and 4 were obtained relationships/ratios, on the

basis of which, knowing fundamental indices of channel of

communication (orbital parameters, power of transmitter, radiation

pattern of antennas, temperature of inherent noise of receivers,

etc.), it is possible to determine signal-to-noise ratio at input of

receivers. In this case by noises at the input of receivers the

thermal noises was implied.

Let us switch over to determination of signal-to-noise ratio at

output of receiver and effectiveness of communication system with

different methods of modulation: single-band (OBP), frequency
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modulation (ChM) and pulse-code (KIM).

In communication systems through ISZ, as in other systems, radio

channel must satisfy the requirements of high noise immunity and

effectiveness of use. By noise immunity is understood the ability of

system to resist the effect of interferences. in the practical

calculations they usually operate with relative noise immunity, which

makes it possible to compare between themselves the diverse variants

of the technical solutions, selected both for twist the systems (for

example, the form of modulation) and for its separate

components/links.

Quantitative measure of noise immunity is degree of conformity of

crnmmunication/report accepted to that transmitted (correctness).

During transmission of continuous communications/reports by

criterion of correctness it is possible to count rms erior [5.1]

6'= [v1(--v(t) 2. (5.1.V)

Here v(t) and v,(t) represent respectively the totality of the

transmitted and taken signals. Difference v,(t)-v(t) can be

considered as interference (noise) at the output of receiver.

Relative error E is defined as:
P

E = " , , (5.-.2)
Pc •x P • m) df

'--P,,.
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0, where u3a,.q) - jamming intensity at frequency f at output of receive:,

F - cut-off frequency of passband oi r,ceiver after detector;

since integration is conducted from zero, -alue F is numerically equal

to bandwidth at output of receiver,

P[- average/mean power of communication'report at output of

receiver in band F,

PI u - average/mean power of interference at output of receiver

in band F.
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From (5.1.2) it follows that square of rms error is completely

determined by average/mean power of interference at cutput of

receiver, and relative error - by ratio of average/mean power of

Sinterference to average power of signal PcBux. During the practical

calculations as the parameter, which characterizes noise immunity of

system, take the value of gain p or generalized gain p ' the systems,

which are determined on the noise levels, small with respect to signal

level, as follows:

• = p• =• "p• ). =q'----•,q•(5.1-3)

'= (i •w) = . (5.1.4)

Here AF - frequency band, in which is measured power of

interference at output of receiver (usually this band it coincides

with band of signal), Af - equivalent frequency band, in which it is
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measured power of interfe." nce at input of receiver (see Section 4.2).

From the comparison of two latter/last expressions it follows that the

connection/communication between the gain of system and the

generalized gain is determined by the following relationship/ratio:

S.... = -- (5.l.5•

Thus, genera?i&/ci gain of system is determined by ratios of

signal not t, "o,'o..'! of noises, but to average/mean spectral ncise
Pj, = , y2 = P. W._.._-

density at input and output: o•= A/ AF

During transmission of discrete corr'acnications, accuracy of

reproduction is determined by probability of error p(ow in elements of

communication/report accepted. As the critnion of correctness S

accept the logarithm of the value of revers/'2nverse Po, [5.21:

S= lIfg--I-=- 101gp"..(..

POW

Effectiveness of use of channel can be evaluated by coefficient

i, which characterizes nearness of speed of transmizsion R to channel

capacity C, i.e.

R (5.1.7)
C
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As is known [5.33, maximum channel capacity of communications

with bandwidth of frequencies, equal to Af, in presence of

statistically independent variables of signal and noise with

average/mean power, respectively equal to p, and p•, it is determined t
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:• as follows:

C =A flogs -5±2+- + Pcj(.I8
X.u1 PUI

Here xc+., and x. - peak factor of the total process, which consists of

the signal and the noise (additive interferences) and the peak factor

of noise, determined by their statistical properties. If the

statistical properties of communication/report and noise are identical

and are characterized by the normal distribution law, total process is

also similar/such to noise. Therefore

S x2(5.1.9)

In this case channel capacity of communications in accordance

with (5.1.8)
C.A ogo,[I+% (5. 1. 10)

If communication/report has uniform spectrum, i.e., are satisfied

condition (5.1.9), speed of transmission

R=AFog,[( + ] = AF log, 1q.-+ 1]. (5.1.11)

Therefore in accordance with (5.1.7), (5.1.3) and (5.1.5) it is

possible to obtain following two equivalent expressions:

I iog , lqx+11 , (5.1.12)
Slogs [qsx + III 1g, [qX + I (5..113)

109 = ",+ 1i.

For high-quality communication systems condition

=1s.x. Is. 1, 14)

usually is satisfied.
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In this case with certain approximation/approach instead of

(5.1.12) we will obtain

16 logs qsblxS= -- q3 N . (5.1.15)

From expressions (5.1.13) and (5.1.15) it follows that with given

value q,,, value of effectiveness is determined by gain of system

and by value v.
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Let us note that since into expressions for computing

effectiveness of system enters relation of logarithms, their

foundation can be any.

Ideal communication system it is possible to consider system, in

which is provided maximum of channel capacity C, determined by

expression (5.1.10), at speed R=C and by how conveniently small

probability of errors. Therefore, equating (5.1.10) and (5.1.11) for

the ideal system, we will obtain

Aflogs[q,, + 1 = A F logfq,,, + 1). (5.1.16)

Hence upon q,,kl and consideration (5.1.3)-(5.1.5) we will

obtain:

(5.1.17)
P --- (•.x'-',(5.1.18)

(5.1.19)

Furthermore, with fulfillment of inequality q.>1l and
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substitution (5.1.3), (5.1.18) in (5.1.12) let us find that for ideal

system

I logs fqax+ I1 1 log, ( qv + 11• •. .. •1. (5.1.20)
S, log [fqax + 1 1 , log,[qgx + 1 1

Should be focused attention on the fact that according to

(5.1.18) in ideal communication system gain 13 grows/rises with

increase v according to power law.

For discrete/digital communication systems it is convenient to

introduce concept of transmission rate during ideal coding R0 . In

this case expression (5.1.7) can be recorded in the form
R R.= R, C(5.1.21)
R, C

Ratio R/RO can be named effectiveness of coding, and R0 /C -

effectiveness of modulation.

For system with L by discrete/digital levels, in which all levels

have identical probability of transmission and identical probability

of error Pow, speed of transmission is determined by expression [5.1)

--= -•-log 2L- polog, (L-- 1)+- P0-- ,pl + ( --Por) og2(1-- p.)].
T

(5.1.22)

Here T - duration of signal.

Let us pass to examination of threshold characteristics of

communication channel. From expression (5.1.3) it follows
Sq,• = •%,.(5.1.2a)
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The value of the gain of system, entering this expression, is the

constant value, which characterizes the properties of the

communication systems. This definition is correct only for the

systems, in which the threshold is absent; for the threshold systems

value A proves to be constant (and greatest) only with values qBX

which exceed a certain threshold value.

Aforesaid is explained by graphs/curves: Fig. 5.1.1 for

threshold system, and for nonthreshold - Fig. 5.1.2. In the case,

when transition/junction from the region, which lies is below

threshold value, into the region, which lies it is higher than it, it

occurs very smoothly, as the threshold point is taken that, with with

the approach to which from the direction of large values q•.. value

qsw, decreases by one dB in comparison with the linear change (see

Fig. 5.1.1).

Comparing expressions (5.1.3) and (5.1.4), it is possible-to say

that threshold values of values p and 1 ' will coincide. Tpking into

account the aforesaid, since the value of gain p, in (5.1.23), is

constant, this expression is correct only for the region, which lies

above threshold, i.e., when qaAqhznop and respectively when
qbM1xqulz qxx op.

For determination of relationship/ratio qqu==(qnx) in region,

where qB<qBuqx op and quuxtqauxuop, it is necessary to proceed from other •
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•) positions.

I Let us examine channel capacity of communications at ifiput of

receiver (in front of demodulator) and at output (after demodulator).

In accordance with (5.1.8) let us find:

(2,C3 =[lg,( I + o.] , (5.1.24)

C.,,, = log,I + (5.1 25)

", ;AA)

45
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Fig. 5.1.1. F ig. 5.1. 2.

Fig. 5.1.1. Dependence, which characterizes threshold system.

Key: (I). dB. (2). Threshold.

Fig. 5.1.2. Dependence, which characterizes nonthreshold system.
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As a result of passage through demodulator of receiver quantity

of information cannot increase; therefore it is possible to consider

that C 1 C and in accordance with latter/last expressions let us

find

Here:

(5.1.27)

.X2 (5.1.28>

Ik

Expression (5.1.26) with threshold values of relations ofsys

average/mean power of signal and noise will pass into equality.
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Taking into account this, and also expression (5.1.23), for

determining threshold, we obtain system of equ.:

q[x np = I I + qqX ,11]p -0p ! ° (5.1.29)

=n n p q5sx no

Solution of system of equ. (5.1.29 is found usually by graphic

methods with known values 6.. and 6,ux which characterize statistical

properties of signal and noise.

Being based on given relationships/ratios, in subsequent sections

of this chapter let us examine values and interconnection of

fundamental parameters of communication system at different methods of

* modulation.

At present frequency modulation extensively is used in

communication systems through ISZ. Pulse-code modulation (KIM), which

in combination with the amplitude, frequency or phase modulation of

the oscillations of the carrier frequency makes it possible to

considerably increase noise immunity and effectiveness of system, is

of great interest for the newly developed/processed systems.

Furthermore, in the technical literature is discussed a question about

the possibility of the transmission of one sideband (OBP), at least in

the section from the Earth to ISZ. This interest in OBP is explained

by the tendency to shorten the occupied band.
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Reasons indicated2 determine selection of enumerated forms of

modulation in subsequent examination.

Page 120.

5.2. Transmission of one sideband (OBP).

During transmission of OB5 obtained as a result of using

different diagrams of modul•-ion; transposition of spectrum of initial

signal occurs. Therefore width the bands of signal after modulation

Af. and initial signal AF prove to be equal. If the band of receiver

Af is equal to the band of signal, i.e., when

Af=Af,= A F (5.2.1)

in accordance with (5.1.5) we have
V =. 1. (5.2.2)

Analysis, carried out in [5.1) and [5.3) for condition (5.2.1),

shows that during transmission of OBP of relationship/ratio between

signal and noise it remains without change and therefore

AoBn =

Pon= (5.2.3)

In actuality, since band of real receiver Af always is somewhat

more than band of signal 'N, gain and effectiveness, obtained with

OBP, prove to be somewhat less than one. Therefore value (5.2.3)

should be assigned to an idealized system during the transmission of

OBP.



DOC 86120408 PAGE

Comparison (5.2.3) with (5.1.17) and (5.1.20) shows that system

with OBP satisfies conditions of ideal system with v=l. Furthermore,

since in the ideal case for the system with OBP v=1, and bs,=68z.

expression (5.1.26) coincides with (5.1.23); this means that in the

system with OBP the threshold is absent.

5.3. Frequency modulation (ChM).

ChM signal at input of receiver in the absence of interferences

can be recorded in the form

u (t) = U cos oj + A•mS (t)], (5.3.4)
S(o= I V(t)dt. (5.3.2)

Here V(:.' -- initial signal, transmitted by system of

communications (communication/report),

A f,= M - maximum change (deviation) in frequency, caused by

initial signal, moreover Aw,=KmV,,(t), where K,4m - coefficient, which

characterize- the rate of rise of modulation characteristic

(transmission factor of modulator), and 11,(t) - maximum (peak or

quasi-peak) value of initial signal V(t).
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During transmission of harmonic oscil.l-ation 1 cos Ot with

frequency of F=(Q/2r) value V(t) = cos 1t:

A(am =Kqm, (5.3.3)

S ( .) .- sinQt. (5.3.4)

.Q
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Therefore:

U (t) .- Cos 1(0 t + nZ Sill 9 ,(53

m =-__1 - 2 a___n (5.3.6)

Introducing value of peak factor K, equal to ratio of maximum

(peak or quasi- peak) value of transmitted signal to its effective

(rms) value, can be obtained Awo,,=Aax;m=m,,x, where •- -Af, andinj2.n

which are effective (rms) values of deviation of frequency and index

of modulation. Values Ah, and m determine the maximum (peak or

quasi-peak) valuies of the deviation of frequency and index of

modulation.

Selection of peak or quasi-peak values A.i or m is determined by

specific problems. By such, for example, during calculations,

connected with ,he thermal noises, usually are utilized quasi-peak

values (values of signal, exceeded during 1% of time), and in the

examination of sine waves - peak values. Consequently, in the case of

modulation by the sine wave, for which K=V 2 , we will obtain

4mI4V!2~.:h; Awm=1{2 Awa; m= 2 t,n.

In considerable excess of signal above noise at input of receiver

and absence of distortions instantaneous frequency at output of

circuit as derivative of phase, can be found from (5.3.1) and (5.3.2)

d--- [t - Aon g@)dt = w0 + Aw,,.V(/). (5.3.7)

Instantaneous value of signal at output of ideal frequency

discriminator, calibrated on deviation of frequency, is
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written/recorded in the form

U- K = y OV(t). (5.3.8)
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Here KGA characterizes mutual conductance of frequency

discriminator (transmission factor of frequency discriminator).

As a result of effect on input of receiver of signal and additive

noises it is possible to consider that noise will lead to change in

parameters of modulation. ht the same time in the case of ChM the

spurious modulation must be considered by the noises of the phase of

* oscillations. Parasitic amplitude modulation can be disregarded as

noises with the ideal limiter and operation higher than the threshold.

If spectral power (intensity) of fluctuation noises at input of
receiver on single resistor/resistance is equal to 02, then at output

of receiver at frequency F noise intensity on single

resistor/resistance [5.1), [5.3]

Here u3 - actual voltage of input signal on single

resistor/resistance; therefore U0= Pcs. From (5.3.9) it follows that

value o!. is proportional to the square of a change in the frequency

and can be by the curve of Fig. 5.3.1. The output power of noise in

g• the band of signal frequencies aF=F,=F, (see Fig. 5.3.1),
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F, 4nV247

P-si GUd2M(P) dF= ywv ý"(2'I (5.3.10)"F j2 A 02

Power of noises at input of receiver with band Af is determined

by expression
IW

P.. = jo ,, df - oCAf. (5.3.11)

Since bands of frequencies of receiver Af and

communication/report AF are connected with relationship/ratio Af=vaF,

with F,=0 and upon consideration (5.3.11) and (5.3.10) we will obtain

PC 3PIm) (5.3.12)
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o'Pow

Fig. 5.3.1. Dependence of output power of noise on frequency.

Page 123.

Expressions (5.3.9), (5.3.10) and (5.3.12) determine power of

noises on single output resistance; therefore power of output signal

on the same resistor/resistance with single amplitude U,..

166 u2

After dividing left side of equality (5.3.12) on P and right

side on 1/K 2 after conversion we will obtain:

3 Ap,.,= 3 -ý'---- v,. (5.3.13)

•M=3 -" = 3 -E-2 A. (5.3.14)AF:'S Ap-"3

Let us note that for transition/junction from maximum value of

deviation of frequency to effective Afi) it is possible to utilize
Af,,,. = -%f.*. k5.3.15 )

From expression (5.3.13) and (5.3.14) it follows that value of

gain grows/rises proportional to square of deviation. Consequently,

obtaining considerable gains with ChM depends on the value of the

deviation of frequency, which is defined by both the technical
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capabilities of different diagrams and methods of obtaining ChM and by

frequency band, permitted or allowed for the transmission of ChM

signal.

We will perform a certain transformation of obtained expressions.

In the case, when the maximum deviation of frequency Afm exceeds the

band of frequencies of the transmitted communication/report, i.e., in

the case of broadband ChM, it is possible to approximately consider

that the optimum band of the receiver

A f 2A f. (5.3.16/

In this case with substitution in (5.3.13) and (5.3.14) we will

obtain:
PqIM = 3- (5.3.17)

(5.3.18)"4a

Comparing (5.3.17) and (5.3.18) with expressions (5.1.18) and

(5.1.19), it is possible to say that during use of frequency

modulation communication system on noise immunity is distant from

ideal system, since in latter gain from change v grows/rises

considerably sharper than with ChM. Let us note that the gain with

ChM in the real receivers proves to be sufficiently to close ones to

the values, determined by expressions (5.3.13) and (5.3.17).

Page 124.

Let us determine gain and generalized gain, obtained during use

of ChM for two cases:



DOC = 86120408 PAGE

1. Transmission of harmonic oscillation with a frequency of F.

in the band AF=F,-F, with F,=0.

V On the basis (5.3.13) we will obtain

I3 3 v = 3 mtv. (5.3.19)

Here m= Lf__ index of modulation, K=vj-.

14 From (5.3.14) it follows

I M = in. (5.3.20)
v2

2. Transmission in band AF of communications/reports with

identical bands, shifted relative to each other in frequency, moreover

band of each message AFK= (see Fig. 5.3.2). This case correspondsN

to the frequency modulation of the oscillations of transmitter by

multichannel telephone signal in frequency division multiplex N of

telephone channels. If we designate total maximum voltage of all N

channels at the output of the receiver as Ump., and the maximum voltage

in any channel through U.. then noise intensity at the output of

receiver at frequency F, it is analogous (with 5.3.9), it can be

recorded as

.2h F2 y. (5.3.21)

Output power of noise in band of frequencies of channel k with

central frequency of F. will be

PUS= z (F)dF=- -•(u,) J AAP}

~rN 12FýJ

FM 2 (5.3.22)
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Fig. 5.3.2. Arrangement/position N of channels in band AF.
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Usually AF<<£, therefore value AK in comparison with one can
12F,2

be disregarded/neglected. This approximation/approach indicates that

spectral noise density in the limits of the band of channel it is

considered uniform and equal spectral density at frequency FI,, which is

located in the middle of the band of channel.

Taking into account that

U.N Aw,,mN A finN (5.3.23)

where Af ="m"=- - maximum deviation of frequency, which falls to one2n

channel, let us find value of gain for one of channels

A/1,2. A 1 (5.3.24)

Taking into account (5.3.15), it is possible to pass from maximum

value of deviation in one telephone channel A,,,,, to effective value of

deviation *,11 for one channel, then

A /,2 A/1(--5
P~ = = -- (5.3.25)

From (5.3.24) it follows that with identical values of deviation

of frequency channels have not identical gain. The higher the number
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of channel, i.e., the higher the central frequency F,,, the less the

gain, obtained using ChM. For the equalization of gain is introduced

the "predistortion" of the spectrum, i.e., for each channel different

deviation of frequency is established/installed, in consequence of

which a change in the gain in different channels they prove to be in

the limit inferiors. Let us recall that the resulting expressions,

which determine gain with ChM, prove to be valid only then, when the

power of signal at the input of receiver or the relation of the

average/mean power of signal and noise at the input of receiver (qax)

prove to be above threshold value. In the case, if this is not

fulfilled, the gain, given during the use of frequency modulation,

substantially is reduced. Consequently, du-'ng the construction of

the communication systems with ChM the value of threshold level plays

G the decisive role during the selection of energy relationships/ratios

(power of transmitter, the gain of antennas, noise temperature of

receiver, etc.).

Computation of threshold values for relations of average/mean

power of signal and noise at input and output of receiver (q., and

q.,s), can be carried out according to expressions (5.1.29). Let us

note that during the computations appear the considerable difficulties

during the determination of values 6u, and ba•x, determined by the

statistical characteristics of random processes.

Energy spectrum of real process at input of receiver depends on

such parameters as signal-to-noise ratio, width of band of receiver,
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value of deviation of frequency, and also on statistical properties oft

communication/report and noise.
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Energy spectrum at the output of receiver, furthermore, it depends on

the form of the amplitude characteristic of limiter and its frequency

characteristic. The numerous investigations of threshold values 4,,:

and qeuL carried out in different works, among which one shou.ld note

[5.4), [5.6) and [5.1), are shown to the sufficiently good coincidence

of theoretical and practical results.

Fig. 5.3.3 gives experimental threshold curvos during the

reception of ChM of signals [5.61, which characterize dependence q•,.

on qzx. moreover noise at output is measured in the absence of

modulation of signal, and noise at inrit of receiver is measured in

entire band of circuit, which precedes frequency discriminator.

Value qNIX is calculated for value of index of modulation m=l and

with different values v. If value v>2, then system can work with

val-ies of m>l; however, in this case, to numerical values q~w,

calculated along the axis of ordinates, one should add 10 lg -ý The

threshold, with which the relationship/ratio between qBx andqBax

differs from linear more than by I dB, in Fig. 5.3.3 is designated by

points. Let us note that more to the right these points proves to be

valid expression (5.3.13) The examination of Fig. 5.3.3 shows that

d-ending on value v the value of threshold value q..,op varies from

? m • It-
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3.5 to 12 dB, i.e., from 2.5 to 16 times, moreover the large threshold

signal will correspond to '.drge values of the index of modulation m.

In order to ensure the gain, given by frequency modulation, it is

necessary to satisfy the condition

S> qxcop, (5.3.26)

'4
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Fig. 5.3.3. Dependence qsut on q.. with ChM4. Values along the axis

[of ordinates are indicated with the index of modulation m=l; for other

m to the values along the vertical axis to add 10 lg mvo

Key: (1). dB.
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Taking into account given above threshold values, and also the

fact that according to introduced designations Ptni=qBxPLIl,• we obtain

following condition, determining the power of signal at input of

receiver, with which is ensured calculated gain p:

P>(2,5 + 16)P...= (2,5 + 16)KTrAf. (5.3.27)

Here T. - total temperature of receiver (see Chapter 4), and Ai

is width of band of receiver at input and with accuracy sufficient for

practice is determined by expression

Af=2F(1+m). (5-3.28)

In the case, when A/.>F, expression (5.3.28) passes in (5.3.16).

It is obvious that during design of system they attempt to ensure

its normal operation with possible smaller values of signal at input

of receiver Pe.s. From the graphs, given in Fig. 5.3.3, and expression

(5.3.28) it is possible to do the conclusion that in this case is

desirable to have low values v. However, with the assigned band of

initial signal reduction in value v will lead to the decrease of the

band of receiver Af, consequently, to the smaller values of deviation,

which according to expression (5.3.13) will lead to reduction in the

value of gain p. Thus, the selection of the low values of the

parameter v (or narrow-band modulation), although it permits

confidently to work with the low values of signal in the

hyperthreshold region, nevertheless will lead to reduction in the gain

v and, in the final analysis, to reduction in qualitative indices of the
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system of communications - value qi,ax.

For operational provisions in hyperthreshold region at least

possible power of signal at input of receiver, in accordance with

expression (5.3.27), it is possible to plan following paths:

a) reduction in equivalent noise-ache temperature T,. using

low-noise input devices of receiver, antenna systems with small

side-lobe level, high-quality feeders and the like;

b) change in coefficients, which stand in brackets in expression

(5.3.27), due to redistribution of energy of noise along spectrum with

subsequent filtration. This can be realized by the limiters, which

have the amplitude characteristic, close to the ideal, after which is

established/installed the filter with the bandwidth, equal to the band•

of the signal frequencies and noise on the input of limiter. The

numerical ratios between the signal and the noise at input and output

of this system limiter - filter, proposed by Bagdadi [5.73, were

established/installed in work [5.8) by Davenport. The efficiency of

this method depends substantially on the frequency characteristic of

the filter, established/installed after the limiter: the stronger the

limitation, the wider must be the uniform part of the characteL-istic.
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This is necessary so that the effect of limitation would not be

distorted by selection in the frequency, since precisely the

high-frequency components of the spectrum after limiter, subjects to

the input of discriminator (device/equipment of the realizing of
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[ ~ conversion of ChM oscillations/vibrations into AM

oscillation/vibration), characterize the quality of limitation.

Therefore filter with too narrow a passband or nonuniform frequency

characteristic weakens/attenuates these components and worsens/impairs

the action of limiter. Similarly must appear the frequency

characteristic of discriminator. As show experiments [5.7), the

series connection of several limiters with the filters makes it

possible to additionally decrease the numerical coefficient, entering

expression (5.3.27);

c) considerable quantity of the methods of reduction in the

threshold value of signal is based on the decrease of the band of

frequencies of receiver Af. With the large indices of modulation this

is realized with the help of the special diagrams in such a way that

W the instantaneous value of the frequency of ChM signal at any moment

of time would prove to be within this band. Thus, for example, if the

broadband frequency modulation of oscillations is realized, then the

reception of this oscillation can be carried out by means of the

narrow-band receiver, whose band is moved according to frequency dial

("follows") in accordance with the instantaneous value of the

frequency of received signal. This displacement/movement of the band

of frequencies of the receiver can be realized by an application of

voltage from the output of frequency discriminator to the heterodyne

or the control system, which reconstructs the narrow-band filter of

receiver. The phase oZ this voltage/stress in entire frequency band of

the transmitted communication/report must be such, in which is ensured

a precise sequence of the frequency of heterodyne or band of-
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frequencies of the retunable filter after the instantaneous frequency O

of the taken ChM oscillation. Under these conditions is feasible the

undistorted reception of ChM oscillation even if A<Aj,.

Consequently, reception of ChM oscillations by narrow-band

receiver with "servo" heterodyne (this method is called method of

reception with feedback in frequency OSCh) or receiver with "servo"

filter, established/installed in high or intermediate frequency, is

feasible to special receivers with known band of frequencies of

transmitted communication/report or, in other words, at known maximum

speed of change in frequency of ChM. For reduction in the threshold

with the reception of broadband ChM oscillations, besides methods with

OSCh and servo filter, are used some other methods of reception - with

* frequency divider, with the addition of cophasal or orthogonal

oscillation relative to the carrier of the taken ChM oscillation, etc.

The examination of different methods of reduction in the threshold is

given in works [5.9), [5.11).
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Application of OSCh or other methods makes it possible to

sufficiently substantially reduce threshold value of signal. In

particular, the application of OSCh, examined in work, [5.10), made it

possible to lower threshold to 9 db. In this case in the absence of

OSCh the index of modulation was equal to m=10, which corresponded to

value vB22. In work [5.11) it is shown that the application of OSCh

makes it possible to obtain further gain from reduction in the
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threshold

AoW = 3,5m03 " (5.3.29)

Here m - index of modulation. With m=5, 10 and 20 respectively

are obtained the gains, with respect to threshold equal to 6 db, 7.5

db and 9 db.

In section 10.2 examination of schematics of receivers, which

make it possible to carry out reduction in threshold, is given.

Let us pass to examination of efficiency of communication systems

during use of ChM. For this into expression (5.1.12) should be

substituted the value of gain from (5.3.13) or, if is examined

broadband ChM, from (5.3.17). Being limited to the examination of the

case of the transmission of harmonic oscillation with broadband ChM,

when Af•2Af,., and value v.2m, after substitution (5.3.19) we find

1 log, (3rn'qx + 1) (5330)
2m logs(q + 1)

On the basis of this expression it is possible to draw conclusion

that efficiency of system is raised with decrease of qx- If we take

into account that value qx compulsorily must exceed threshold value,

it is possible to conclude that with the work of system near the

threshold value the efficiency of system will be more. Thus,

reduction in the threshold value will contribute to an increase in the

efficiency of the communication system.
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Usually value q,,3 ,x for system is that specified or by norms,

presented to communication channel. For increasing the efficiency of

system its parameters end, in particular, the gain p should be chosen

so that would be satisfied the following conditions:

qb 3xaA= q•=x,,op = qBxop. (5.3.31)

In this case it is necessary to take measures, which ensure

reduction threshold value of system. If the parameters of system are

such, that q.>),q.,,iuo,, then reduction in the threshold values will

not lead to an increase in the efficiency of system.

Let us construct graphic dependence of efficiency of system on

q1. With ChM the following expressions, which determine width of band

of signal and index of modulation are valid in general form:

Af= 2F(m + 1),

M = F. (5.3.32)
F

where F - frequency of the transmitted.
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Considering F=F,, and band of optimum receiver equal to band of

signal on its input, let us find

A = 2(m-t-. 1). (5.3.33)
F

After determining from this expressi, n value m and taking into

account (5.3.19), after substitution in (5.1.12) we will obtain
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led) ~~W log ,
7 logs [qx + I]

(5.3.34)

Fig. 5,3 gives dependence q=f(qsx).

5.4. Pulse-code modulation (KIM).

With KIM at transmitting end/lead of line of communications

initial signal is converted into code combinations of groups of

pulses, and then by these groups is realized modulation of

oscillations of carrier frequency. Depending on the form of

modulation let us agree to designate subsequently through KIM-AM

amplitude modulation (manipulation) of oscillations with words of

ah pulses/momenta, through KIM-ChM - the frequency modulation of

oscillations with words of pulses/momenta, and through KIM-FM - phase.

Clock period Ti, through which follow words of pulses/momenta, in

accordance with V. A. Kotelnikov's theorem, generalized to stationary

random functions with limited energy spectrum [5.4], is determined by

band of transmitted communication/report AF as follows:

T< I (5.4.1)

Since AF=F 2-F,, where F 2 and F, respectively greatest and

smallest frequency of transmitted communication/report, with F,=0 we

will obtain

T (5.4.2)
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Fig. 5.3.4. Efficiency of ChM.

Key: (1). Region of threshold of ChM.
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Each character corresponds to specific quantized level of

communications/reports and ccnsists of n isochronous pulses/momenta.

During the binary coding it is possible to transmit a number of levels

L = 2n. (5.4.3)

Thus, with KIM initial signal is replaced by quantified, which

only approximately reflects initial. Because of this quantization

noises appears. The relation of the average/mean power of

communication/report P. and quantization noises P..L they depend on a

number of levels of quantization [5.1)

qL = 3e = 2S-- - (5.4.4)

Here x - peak factor of transmitted signal. During the

transmission of sinusoidal oscillation K=v therefore

qL -3.2 . (5.4.5)
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From (5.4.4) and (5.4.5) it follows that quantization noises will be

sharply reduced with an increase of the number of pulses/momenta in

word. In this case, however, will increase the band of frequencies

AFita, occupied by the quantized communication/report. The latter can

be determined as follows. We will consider that along the

communication system with the help of code combinations, which contain

n pulses/momenta with duration T, it is necessary to transmit N of the

initial signals, each of which has a band of frequencies Af.

Therefore the band of frequencies of the quantized signal, which

requires for the transmission of pulses/momenta by duration 7, is

determined by the expression

A --.3 (5.4.6)

"Here a>l is coefficient, which depends on permissible distortion

of shape of pulse.

= --L. (5.4.7)
- nNQ

Duration of pulses 7 is determined by obvious relationship/ratio:

Here Q>1 is determined by porosity of sequence of pulses/momenta.

Taking into account (5.4.1) and (5.4.6), let us find width of band of

the quantized signal

A Fn> 2A FanNQ. (5.4.8)

Consequently, during transmission of one initial signal (N=l)

frequency band after quantization increases more than in 2n times.ONO
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Durin. transmission along channel of communication of quantized

signal at output of receiver, besides signal, thermal noises appear.

The relation of the average/mean power of signal and noise at the

output with any form of modulation of the oscillations of transmitter

characters is determined by following expression [5.1):

3 (L-- 1)2 1
4 %2(Ls--I)AFj 1--0(a) 549

Here 2 ()=-,je 2 dx - probability integral, which through value
a

a is found from tables. The parameter a2 determines the ratio of the

medium energy of one pulse/momentum to the specific power of noise,

consequently, a 2 is determined by the form of modulation of the

oscillations of the carrier frequency. Let us note that entering

expression (5.4.9) value [--4 (a)J=P(a) determines the probability of2

the erroneous reception of the elementary impulses/transmissions of

code combination.

Let us now move on to refinement of values a with different types

of carrier modulation. Accordingly given determination

PC = -r. P- = q .--. TA (5.4.10)
2 At 2

With KIM-AM optimum band of receiver Af, equal to band of

frequencies of radio pulses, it twice exceeds band of quantized

signal. Therefore upon consideration (5.4.6) for KIM-AM let us find

Af = 2AF. = 22. (5.4.11)
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Keeping in mind (5.4.8) with Q=l, we will obtain

Af=4A FnNa. (5.4.12)

Substituting (5.4.11) in (5.4.10) with a=l, we find that with

KIM-AM

a2 = qs. (5.4.13)

With analogous reasonings it is possible to obtain for case

KIM-ChM

S2qsz. (5.4.14)

With KIM-FM let us find

•'=4q.•. (5.4.15)

Being assigned by different values qs., according to given formulas

it is possible to determine value a for different cases and to find

probebility of erroneous reception p(=)=-[l-s(e)].
2
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This dependence is given in Fig. 5.4.1. the gain, depending on the

method of modulation, can be determined from (5.4.9) upon

consideration (5.4.7) and (5.4.10) according to the expression

qK1M 3(L - I). (5.416)

qHr 8pat(L2e-- ) a2 nN t - s o (a)

Here parameter P is located, on the basis of band of signal, i.e.

4 In
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A -•(5.4.17)

In the case, when »>>I,

-2 e 2

(5.4.18)

Taking into account (5.4.8) with L>>» and equality in expression

(5.4.1), instead of (5.4.9) we will obtain

as,
2 2

Taking into account latter/last expression and equalities

(5.4.13), 5.4.14), 5.4.15), let us find value of gains -=-, with

different methods of modulation.

With KIM-AM

e2 - - (5.4.19)

With KIM-ChM

S2,' e q,. (5.4.20)

With KIM-FM

4 ~ 8e, (5.4.21)

Corresponding values of generalized gains can be obtained, if
resulting expressions are divided into value v, which is determined by

expression (5.4.17).
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Fig. 5.4.1. Dependence of probability of erroneous reception on

1 - KIM-AM ; 2 - KIM-ChM; 3 - KIM-FM.
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\~ According to expressions (5.4.19)-(5.4.-1) are constructed the graphic

v dependences, given in Fig. 5.4.2, :; which it is possible to do

conclusions abDut the value of the gains, which are obtained in the

various forms of modulation by code combinations of groups of pulses.

Real gain of systems with KIM proves to be less than designed

according to expression (5.4.16) or according to expressions

(5.4.19)-(5.4.21). For KIM--AM the ratio of real gain to the ideal

on the level of pulse clipping in the receiver, equal to 0.5, is given

in Table 5.4.1 [5.3).

Let us consider efficiency of system in the case of KIM.

Substituting (5.4.19)-(5.4.21) into expression (5.1.12) and keeping in
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mind the transmission of the sine wave, for which K =2, we obtain for

* KIM-AM

1 log3 , qe + 1] (5.4.22)

for KIM-ChM

1 fog IV/qq.. e'x +
log, [q,, + ii (5.4.23)

for KIM-FM

•., I 2[2q. 1 ]eD j4.4
* ~log, [q.,-j + j 1164.24)
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Fig. 5.4.2. rig. 5.4.3.

5.4.2. Dependence A3K2 on q21: 1 - KIM-AM , 2 - KIM-ChM, 3 - KIM-FM.

Fig. 5.4.3. Dependence iv on q33: 1 - KIM-AM , 2 - KIM-ChM, 3 -

KIM-FM.

Table 5.4.1.

C9 1 2 3~ 4 5

4I 9l16 25

[3,6 -5,.5 07:91751-19,2
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Results of calculations of value np from q,,x according to given

-i formulas are given in Fig. 5.4.3, whence it follows that efficiency of

system little is changed with constant value v.

5.5. Relationships/ratios for the selection of the fundamental

parameters of the communication system.

In communication system through ISZ are two sections of

-4
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connection/communication: section Earth-isz, which subsequently we

will call the first and designate by index 1 and section isz-Earth,

determined by index 2.

Thermal noises, which appear for each of these sections are

statistically independent; therefore on outlet of channel powers of

noises of individual sections will store/add up. It is obvious that

the total noise must not exceed the assigned or permissible value.

Passing from permissible amount of power of thermal noises to

relations of Dcwer of noise to signal in individual sections, it is

possible to record

•Q q 1-*l qa~xs(.5)

Here qs8  - ratio of average/mean power of signal to noise

respectively at output of terrestrial receiver with work only of

second section, qa•,x - at output of airborne receiver, q -

relationship at output of terrestrial receiver with work of entire

circuit.

We will consider that

qu,, = aq (5.5.2)
qu,= = bq, 5

where a and b - coefficients, which consider relationship/ratio

between noises, which are introduced in different sections.

Substituting (5.5.2) in (5.5.1), let us find

a b



DOC =86120409 PAGE

Page 136.

Graph, constructed according to latter/last expression, is given

in Fig. 5.5.1, on it it is possible to select relationship/ratio a

and b. Since the power of onboard transmitter is always lower than

the power of terrestrial, it is expedient so that basic part of the

noises would be determined by the second section. From this it

follows that values for b should be chosen close to one, for example,

within limits of 1.05-1.2; then the value of coefficient a will be in

limits of 6-20.

Taking into account (5.1.3) and (5.5.1), we will obtain following

relationships/ratios:

! = I •+ (5.5.3)
q q"I~ N ,

qi • (5.5.4)

_q_, = 2E. (5.5.5)P,

Here q=- relation of average/mean power of signal and

noise at output of communication channel. With normal conditions

should be implemented inequality q-:qAoz, where q~ou - allowed value q.

Entering latter/last expressions values I3, 13 - gains, which are

obtained respectively at output of terrestrial receiver (with work

only of section satellite - Earth) and at output of onboard receiver.

On the basis of expressions (3.1.1) and (4.5.1), it is possible to
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record (5.5.3) in the form

(Piw *TZ6 , A ,B + kTz, A flBS2  (5.56
SC , P,03 - pn,5
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Fig. 5.5.1. Distribution of relationship/ratio between shims on

sections of line of communications.
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Here B., and B. designate total attenuations between transmitter

and receiver, determined from expression (3.1.2) respectively for

sections Earth-satellite (index 1) and satellite-Earth (index 2), and

indices in all other designaLions determine parameters of onboard (b)

or terrestrial (3) equipment. Usually

B91 B22. (5.5.7)

Therefore in the case, when

Td6 A f, TZ, A f,
p << - ,(5.5.8)

it is possible to be bounded to calculation of noises only in section

2, i.e. to carry out calculation instead of expression (5.5.6)

according to P-le

/_r, A f, (5.5.9)
-P. 1" Bn6o '

S,2)MX
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Chapter 6.

Principles of multiplexing of lines of communications.

6.1. Cha-acteristics of signals.

In examination of principles of multiplexing lines of

communications, which make it possible to carry out simultaneous

transmission along one channel of communication of several telephone

or TV signals, it is necessary to consider fundamental characteristics

of signals. in accordance with this should be in the most general

form examined the following characteristics of telephone signals, TV

signal and signal of the sonic tracking:

- signal aspect,

- the frequency band, occupied by signal,

- dynamic range.

Telephone signal is random process with zero average/mean value.

For the faultless reproduction of Russian speech the frequency band of

65-10000 Hz [6.71 is necessary, during the use of a frequency band

within the limits from 100 to 6000 Hz the reproduction of speech is

recognized by good, One should note that the contraction of the

frequency band to the values of 300-3400 Hz, accepted by MKKTT

---------------.--
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[International Telegraph and Telephone Consultative Committee] in

1946, barely decreases the intelligibility of speech, although

somewhat decreases its naturalness.

Phase distortions little affect quality of telephone

communication. Therefore in the band of frequencies of the channel an

admissibly considerable change of the group propagation time, which is

determined derived phase-frequency =haracteristic. A difference in

the group propagation time at the highest transmitted frequency and at

the medium frequencies must not exceed 30 ms.

Signal of sonic tracking so, as telephone signal presents random

process with zero average/mean value. Numerous investigations showed

that for a good reproduction of different musical products the

frequency band from 50 to 10000 Hz (I class) was sufficient,

satisfactory reproduction is obtained with the band 100-6000 Hz (II

class) [6.83.
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Phase distortions virtually do not af.ect quality of reproduction

of signal of sonic tracking.

TV signal (video signal) consists of picture signal and signals

of synchronization, i.e., is defined both by random and determined

functions. Fig. 6.1.1 shows the possible form of the oscillogram of

one row of video signal. From the figure it follows that the video 05
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dependence on the illumination or the brightness of the transmitted

image. One sh uld note that according to the standard accepted

picture signal occupies 70% of spread/scope of video signal; 30% of

spread/scope of video signal occupy timing pulses.

In accordance with Fig. 6.1.1 repetition period of row of video

signal on standard, accepted in USSR and which corresponds to

recommendations of MKKR [International Radio Consultative Committee],

is 64 gs. During one frame by the standard are transmitted 625 rows,

in one second - 25 frames/personnel (50 fields), which corresponds to

the transmission of 15625 rows. Clock line-scanning frequency is

equal to 15625 Hz.

For TV signal bandwidth, accepted by MKKR for communication

systems through ISZ, is 5 MHz. The analysis of the power distribution

along the spectrum shows that in video signal basic part of the power

is concentrated in the frequency region of below 200-250 kHz, and

approximately 5-15% of entire power - in the frequency band of above

1.2-1.7 MHz. One should note that near the harmonics of horizontal

frequency the concentration of power is observed, and in the middle of

the gap/interval between the adjacent harmonics the power of signal is

close to zero. Especially sharply this phenomenon is developed at the

frequency region, which lie below 2.50-400 kHz. Therefore in one band

with the TV signal the transmission also of other signals is possible.

This is utilized during the transmission of color television, and in

some systems - for the transmission of sonic tracking.
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Fig. 6.1.1. Oscillogram of video signal.

Key: (1). White level. (2). Picture signal. (3). video signal.

(4). Black level. (5). Level of extinguishing (zero). (6). Level

of synchro pulse. (7). Ys. (8). Signal of synchronization.
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In connection with the fact that amplifiers widely used in

communication systems do not pass constant component, during

transmission of video signal it is necessary to take special measures,

which make it possible at point of reception to restore/reduce its

level. For this the diagrams of fixation of one of the levels of TV

signal (apex/vertex level of timing pulses or extinguishing

pulses/momenta) can be used. Let us note that fixation of the level

of video signal must be realized directly in control electrode of

modulator (for example, in the grid of reactance tube, in the repeller

of klystron, etc.), since otherwise the linear section of the

characteristics of modulator and demodulator must be expanded,

approximately, one and a half times.
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•i If communication channel must be utilized both for transmission

of multichannel telephone signal and for transmission of TV signal,

application 6f clamping circuits is undesirable, since this disrupts

universality of channel. In this case can be used of the

predistorting filters on the side transmissions (to the modulator) and

those restoring - on the side of reception (after detector). Tne

introduction of the predistorting filter reduces the amplitude of the

low-frequency components of TV signal. Filter can be

established/installed at any point of video circuit, i.e., in any

cascade/stage, which precedes modulator, while the installation of the

schematic of fixation of the level must be realized directly in the

modulator. Therefore the predistorting filters, established/installed

in the television video amplifiers, will not be utilized during the

transmission of multichannel telephone signal. This makes it possible

to create the universal communication channel with one and the same

modulators and demodulators.

Fig. 6.1.2 gives amplitude-frequency characteristic of

predistorting filter, recommended by MKKR for radio relay lines with

ChM during transmission of TV signal with standard of 625 rows. The

amplitude-frequency characteristic of the restoring filter must be

reverse/inverse to the characteristic, shown in Fig. 6.12.

At present for communication systems through ISZ norms to

characteristics of predistorting filter are absent.

A? A
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Fig. 6.1.2. Amplitude-frequency characteristic of predistorting

filter.

Key: (1). d'. (2). MHz.
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6.2. Principle of the construction of equipment for frequency

division multiplex during the transmission of telephone signals.

yAft

Multiplexing is necessary in order along one line of

communications to carry out transmission of several signals. With the

frequency division multiplex the bia'/displacement (transposition) of

the spectrum of the transmitted signals is utilized. So, for example,

if it is necessary to transmit the telephone signals of several

subscribers, each of whom occupies one and the same frequency spectrum

from F4,,,, to F1(., then with the aid of the equipment for frequency

division multiplex the transposition of these spectra is accomplished

then, as shown in Fig. 6.2.1. From Fig. 6.2.1 it follows that the

width of the spectrum of each signal, equal to AF,,=FM1.•-F,, 11 , during

the transposition it remains constant/invariable. The spectra of the

signals of individual subscribers (1, 2, 3, 4, ... , P, M, ... , N) on

the side of transmission are shifted/sheared in the frequency in such
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• a way that between them are formed soi~e protective belts, necessary

for eliminating interferences between the transmitted signals and

facilitating the separation of line spectrum by filters during inverse

transformation on the side of reception.

In accordance with recommendations of MtKKTT each telephone

occupies frequency band from 300 Hz to 3400 Hz, and width of band

AF,,=3400-300=3100 Hz.

Total band, determined by sum oi bands of telephone signals and

by protective belts between adjacent sIgnals, is equal to 4 kHz.

Therefore during the transmission of :elephone signals along the N

A• channels the width of line spectrum will comprise

AF =F 2 -F 1 = 4N .
Key: (i). kHz.

Here F, and F, respectively upper and lower frequencies of line

spectrum. One should note that with a considerable number of channels

between the adjacent groups of the channels are introduced wider guard

bands of frequencies than between the adjacent individual channels;

Sthis somewhat simplifies the execution of filters in the equipment for

multiplexing and channel separation. Therefore, beginning with N=300,

it is possibl> to accept

AF = F2- F, 1 4,2N Kce. C1) (6.2.1)

0(). kHz.
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Fig. 6.2.1. Conversion of spectra with frequency division multiplex.

Key: (1). Line spectrum.
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Fig. 6.2.2 qives block diagram, which elucidates principle of

construction of equipment with frequency division multiplex and

formation of telephone channel with number p. Telephone signal with

spectrum AF'=FM,?Hc-F-, from subscriber P passes through differential

system AC and it proceeds to the balanced modulator BM. The same

modulator the oscillation with a frequency of F. simultaneously is

supplied. As a result of modulation of variations of frequency F, by

signal with spectrum Fm+F=,,o at the output of BM are formed tte

oscillations of upper side bands F,=Fp+(Fn--I+F,,c)" and lower side bandL

F.= Fp-(F•m+ FmAc).

Oscillations either of upper or lower side bands pass through

band-pass filter 1701 and after amplifier YC

connections/communications are supplied into line.
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Oscillations, which passed line of communications, amplifier YC

and band-pass filter 170p, proceed to demodulator A of equipment for

multiplexing. Simultaneously with them to demodulator they are

fed/conducted variation of frequency F.. At the output of demodulator

the oscillations of the difference frequencies

A F.,= Fp--P =F-[Fp-(F...+.M * FC)J = FuII+Fmx.;, (6.2.2)

are isolated.

These oscillations, after filter of low frequencies, are supplied

to differential system IC, and then proceed to correspondent p'.

Transmission from point/item B to point/item A occurs analogously.

Let us note that for the undistorted transmission it is necessary that

the frequencies Fp which are supplied to the modulator and to the

demodulator, established/installed in different points/items, would be

identical. Therefore during dev lopment and operation of equipment

for multiplexing special attention is paid to frequency itability of

the generators, from which the oscillations proceed to user modulators

and demodulators. For this at each station is utilized the

'.leneral/common generator with high relative frequency stability

(reaching to 10-'), from which through different multipliers and

frequency converters the oscillations are supplied to modulators and

demodulators of different subscribers.

?Fig. 6.2.2 shows connection to common line of communications of

individual circuits of other subscribers. Each of such circuits

IT contains AC, 04f, and also band-pass filters nI) and individual"I
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modulators BM and demodulators f, to which the oscillations of the

corresponding frequencies are fed/conducted, in consequence of which

the necessary bias/displacement of the signal of subscriber into the

specific section of line spectrum is provided. The connection of the

individual circuits of different subscribers is realized after the

band-pass filters of channels on the side of transmission and before

the band-pass filters of channels on the side of reception. The

described principle of the construction of equipment for multiplexing

is accepted during the creation of standard twelve-channel block with

the line spectrum 60-108 kHz. This block forms the primary group of

channels.

Page 143.

One should note, that for transmission of broadcast signal or

signal of sonic tracking of television program, with band 300-6000 Hz,

in standard module association/unification of two telephone channels

is provided that it is achieved by start of auxiliary equipment. For

the transmission of broadcast signal or signal of the sonic tracking

of the I class (with the band 50-10000 Hz) the association/unification

of three telephone channels is possible. For the creation of the

multichannel equipment, designed for the transmission of a large

number of channels, they utilize several primary groups, whose line

spectra with the aid of the group frequency converters Pp. i (analogous

to individual balance modulators) and filters are transferred into the

appropriate section of Lhe group spectrum. In this way can be formed

the secondary group, which consists of five primary groups of
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channels.

Plock diagram of equipment to 60 telephone channels is shown in

Fig. 6.2.3. of this figure it follows that 60-channel equipment has

line spectrum of frequencies from 312 kHz to 552 kHz, i.e., width of

line spectrum AF=240 kHz. There is somewhat different construction of

equipment on 60 telephone channels, with which the frequency spectrum

from i2 kHz to 252 kHz iz occupied. The difference between these

versions of the construction of equipment consists in the fact that in

the second version the supplementary conversion of the spectrum from

region 312-552 kHz to region 12-252 kHz is realized. Let us note that

in the systems, which use frequency modulation, is more expedient the

application of that equipment for multiplexing, whose line spectrum of

frequencies lies/rests at the region of lower frequencies, since in

this case with the constant value of the deviation of frequency a- a

result oi an increase of the index of modulation the power of noises

in telephone channels at the output of line will prove to be less.
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Fig. 6.2.2. Principle of construction of equipment with frequency

division multiplex.

Key: (1). From the transmitting equipment of other channels. (2).

To the receiving equipment of other channels. (3). Spectrum. (4).

Line of communications. (5). Point/item.
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For forming tertiary group, by capacity/capacitance 300 of

telephone channels, are utilized five secondary groups, constructed in

accordance with block diagram of Fig. 6.2.3, in which then line

spectra are transferred into different sections of group spectrum. As

a result of this during the transmission of 300 telephone channels

will be occupied the frequency spectrum from 60 kHz to 1300 kHz, i.e.,

with a span of &r=1300-60=1240 kHz.
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For forming the tertiary group, by capacity/capacitance into 300
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telephone channels, are utilized 25 primary groups (twelve-channel),

from which are five secondary groups (six-ten-channel). Multichannel

equipment with an an even larger number of channels is formed from

several channel groups. In Table 6.2.1 are brought the data,

characterizing group spectra of multichannel equipment.

One should note that construction of multichannel equipment from

standard modules, multiple 12, ,60 and 300 for channels, makes it

possible to unify nodes of station equipment and to improve their

interchangeability and redundancy.

Let us pass to examination of characteristics of multichannel

telephone signal. From the construction of the equipment with the

frequency division multiplex of channels, shown in Fig. 6.2.2, it

follows that the linear (or group) spectrum is formed from the signals

of different subscribers, which enter the input of equipment for

multiplexing. In the multichannel systems telephone channels are

utilized not only for the transmission of telephone

communications/reports; along some telephone channels is conducted the

transmission of telegraph and phototelegraphic signals, or broadcast

signals. At the same time along the channels the impulse/transmission

of line signals, measuring signals, etc sometimes is realized.

Therefore the definition of the characteristics of group signal taking

into account all possible combinations of charging is very complicated

matter. One should still consider that the value of charging the

communication system also is not constant, since a number of utilized
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channels depends on the time of days, occurring events, etc. In order

to exclude the inconstancy of charging, characteristic of multichannel

signal accepted to determine for the hour of the greatest charging of

system, moreover the fundamental form of charging is created by

telephone signals. It is possible to consider that the telephone

signals, which come from subscribers the input of the communication

system, are independent from each other. These signal levels are the

random functions of time, whose instantaneous values it depends on the

sounds, pronounced by subscribers, the timbre of voice and temperament

of subscribers, quality of telephone set and line of communications

between the subscribers, equipment of multiplexing, etc. Together

with these random and independent from each other phenomena during the

definition of the characteristics of multichannel ccmmunication/report

, should be considered also that the fact that the simultaneity of the

conduct of conversations by absolutely all subscribers is very

scarcely probable.
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Table 6,2.1.

1 -j

60 12 252 240

6 0 312 552 240
120 60 552 492.

300 60 1300 1240

600 60 2540 2480
960 60 4028 3968

1800 312 8204 7892
2700 312 12388 12076

Key: (1). Number of channels. (2). kHz-.
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For these reasons a quantity of the "-active" channels n. i.0e., those,

along which is conducted the transmission of telephone signals during

99% of time, is not equal, but it is less than the total number of

channels N of the considered/examined communication system. Fig,

6.2.4 gives the dependence of activity coefficient k=n/N on a total

number of channels N, constructed for the hour of greatest charging

[6.1). From the examination of this graph/curve it follows that with

increase in N the activity coefficient approaches value of 0.25.
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Fig. &.-2.4. Dependence of activity coefficient on number of channels

N.

Key: C3I). Numbers nf channels- N.

Fig. 6.2.5. Graph/curve of values of peak factor K of multichannel

signal.

Key: (1). K, dB. (2). Limiting curve.
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Taking into account chance and mutual independence of levels of
telephone signals, which enter channels of muitichannel communication

S*yate,, it is possible with confidence to consider that complete group

signal i• _1go random function of time, which has very abrupt changes

of voltage/stress and power at separate moments.

Peak factor K2 of group signal, equal to rclation of peak power

SAN (exceeded for time, Oq-a•_l to e, from total time of observations), to
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average/mean power of group signal, for different number of active law

channels is characterized by dependences, given in Fig. 6.2.5. The

same figure gives the second scale, on which is indicated the total

number of channels, calculated in accordance with Fjg. 6.2.4. One

should note that curves, shown in Fig. 6.2.5, are obtained for smooth

conversation. The fact that with a small number of channels the

difference between the peak value of power and the average/mean power

proves to be considerably larger than with a larger number of

channels, is characteristic for these curves.

Different researchers obtained not identical values for

average/mean power p. of active channel, developed during sufficiently

large time interval of observations at point with zero relative level

(determination of zero relative level see in Appendix 1). Thus, for

the telephone exchange of the USA Holbrook and Dixon [6.1) found that

this value composes 10.1 dBm, and Brokbank and Woss (6.2) in Great

Britain determined its equal to 15.6 dBm. This disagreement in

determination p,( is explained by the national temperament of

subscribers and by different quality of exchange lines, since with a

good intelligibility of speech subscribers attempt to speak less

loudly.

One should note that in spite of possibility of sharp difZerence

in levels of separate channels, average/mean power of group signal pcp

will be more constant. During determination p,., it is possible to

consider that in connection with the random law of a change in the
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levels, the signals in different channels prove to be not correlated.

Therefore the average/mean power of all channels will be equal to the

sum of average/mean power p,i of the active channels n and the certain

supplementary power p', defined by the fact that along the line of

communications together with the telephune signals both line signals

and oscillations incompletely suppressed in the balanced modulators of

th- carrier frequencies of the individual channels are transmitted.

Therefore the average/mean power of all channels
pp=pi+ 101gn p' =p,+ p+ p 10gkN = pCp+ 101g N.

(6.2.3)

Here phcp=p,+p'+lOgk - conditional value of the absolute level of the

average/mean power of the signal, transmitted on telephone channel to

the hour of the greatest charging; k=n/N - activity coefficient of

channels.
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MKKTT and MKKR for point with zero relative level with large

number of telephone channels (NŽ240) accepted value p,,,C.= -15 dBm

(-1.73 Np). Therefore the absolute level of the average/mean power of

group signal at point with the zero relative level in the hour of the

greatest charging can be defined as:

Pp = - 15+ 101gN, M6() n9i? N• 240

Pp =- 1,73 j- I InN, 4 n 1N 240L" (6.2.4)
2

Key: (1). di3m. (2). with. (3). Np.

One should note that in the case of secondary multiplexing of

telephone channels (for transmission of telegraph and phototelegraphic

;\ signals) pN.., proves to be somewhat more. Taking this into account in

#4 - 4 ~ - -4 -- - - -- 4 4 - - - - -
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the Soviet systems of multichannel communication it is customary to

assume p,,,=--12 dBm (-1.38 Np).

With number of channels N<240 MKKTT and MKKR recommend to use

expressions:

Pp p = =- l+41gN, a6Mhi 2 12<N<240 2
PPp= 0, 115 +0,21n N, 24n *Pp")-12 < N <240. .. )

Key: (1). dBm. (2). with. (3). Np.

Fig. 6.2.6 gives diagram, characterizing at point with zero

relative level levels of multichannel communication/report with N>240

and sine wave with measuring level. Determination of measuring level

is given in Appendix 4.

i~

'a
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Fig. 6.2.6. Diagram of multichannel signal level with N>240.

SKey: (1). Absolute levels of signal in point with the zero relative

level, dB. (2). Peak power of multichannel signal, exceeded by e% in

course of time. (3). ... (see Fig. 6.2.5). (4). Average/mean power

of multichannel signal. (5). Peak power of sine wave. (6).

Measuring level of sine wave. (7). Average/mean power of averaged

signal of subscriber.
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From expression (6.2.4) and (11.4.8), which is given in Appendix

4, it follows that at point with zero relative ?.evel average/mean

power of multichannel telephone signal:

Pep = ec' . m•enm

p .pcp (6.2.6)

Key: (1). mW.

Absolute levels of average/mean power of group signal at point
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with zero relative level, designed according to expressions 6.2.4 and

6.2.5, and also amount of average/mean power of this signal at the

same point, calculated according to expression 6.2.6 for different

number of telephone channels, are given in Table 6.2.2.

Theoretical and experimental studies [6.3], [6.4) multichannel

telephone signal showed that in this random process of U(t)

probability distribution for instantaneous values of signal is

subordinated to normal law. At the same time it was proved [6.5) that

the multichannel signal is stationary random process.

In group signal is absent constant component; therefore

average/mean value (designated in further formulas by feature

collation) of multichannel signal a=U(t)=0.

Exemplary/approximate form of energy spectrum of multichannel

signal is shown in Fig. 6.2.7. Is here along the axis of ordinates

spectral power density G(R) plotted.

From Fig. 6.2.7 it follows that spectral power density of real

multichannel signal has different values on edges and in middle of

band of each telephone channel and is turned into zero among separate

channels.

4--
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Table 6.2.2.

me I77 W~
60 0,70 6,1 4,05

120 0,84 7.3 5,36
S240 1,01 8,1 7,53

300 1,12 ,9.8 9.39

600 1,47 12,8 18.924
960 1,70 14.8 29,96

1200 1,81 15,8 37,33

1800 2,01 17,6 55.65

1920 2,05 17,8 60,37

Key: (1). Number of channels. (2). Np. (3). dB. (4). mW.

Fig. 6.2.7. Energy spectrum of multichannel signal.
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The approximately energy spectrum of real multichannel signal in the

limits of cut-off frequencies can be replaced by the uniform. energy

spectrum (Fig. 6.2.8). In this case:

0~~~~~ ~ () =0 nxF, >

Key: (1). with. (2). or.

Here F•=;Fs=-- F- 0 .
24

Assuming that average/mean power of multichannel signal on

resistor/resistance into 1 ohm is equal to J2(t), taking into account
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expression (11.5.17), given in Appendix 5 and (6.2.7), we obtain

L-J'(t (6.2.8)-
G ( = Go == us(F,-tF)

In accordance with (17.5.15) it is possible to determine

correlation function of multichannel signal

B(T) = U (t) U (t +,T) G. cos QT d = o (sin -.. - sin Qr)

2 g a(6 .2 .9)

In accordance with (11.5.14) with 7=0 average/mean power on

resistor/resistance of I ohm

B(0) = t) 2-- God 9 9(,). (6.2.10)

After substitution (6.2.8) in (6.2.9) we will obtain

B(r) u (.0 •(_' (sin Qsr - sin Qr) -= 2 sin (AQ'r) cos

Here ý4 ,0+2 Q, MY= _nQ

2 2

Equalizing (6.2.10) and 411.5.14), Alet us find

2n

or

02 as (6.2.11)
FF, AF
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F,-

Fig. 6.2.8. Ideaiized energy spectrum.

From explanations to (M.5.14) it follows that for multichannel

telephone signal average/mean power with resistance/resistor of load

RH, is equal to Pp,= LL-.Rx
Taking into account (1M.5.12) and (6.2.6) for the point with the zero

relative level, we will obtain

B (0) = o0 = R. e•'p'm (6.2.12)

Coefficient of correlation of multichannel signal in accordance

with (11.5.7), (6.2.9) and (6.2.10)
R@) (_ -) sin 0,r - sin 91T (6.2,13)

&) B(O()213B (0) 9,1- 14

ON
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Page 159.

6.4. Principles of the construction of equipment for multiplexing

with KIM.

During use of KIM for transmission of telephone signals are

possible several methods constructions of equipment for multiplexing.

With one of them KIM is realized on the signals of subscribers, with

other method - the signals fron the subscribers first are supplied to

equipment for frequency division multiplex, end KIM is realized along

the group spectrum. Thus, in the second case is fulfilled conversion

in KIM not of individual user telephone signials, but multichannel

signal.

Let us examine first method of multipiexing telephone channels.

in this case the line of communications is given to each subscriber to

a certain interval of time r., and then line is thrown to the

following subscriber, etc.

Page 160.

As already mentioned in Section 5.1, in accordance with Kotelnikov's

theorem clock period T•, the period of time, through which each

subscriber must be connected to the line, is determined by width of

band of the transmitted communication/report, i.e.

th clo< f(6e4n1)

the clock frequency 6N
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,F,=.-L •2AFX. (6.4.2)

Fig. 6.4.1 shows time intervals, during wi,.Lch each of three

subscribers, who transmit communications/reports UI(t), U2 (t) and

U,(t) must be connected to line.

Number of communications/reports N, which can be transmitted

along one line of communications, is determined by relationship/ratio

between Tf and -, and necessary shielding gaps/intervals.

Fig. 6.4.2 shows simplified block diagram of equipment for

multiplexing telephone channels. Pulse generator IHI creates the

sequence of the pulses/momenta with a clock frequency of F,, which

enter the distributor of pulses/momenta PH. The latter is d•!ay line

with the removals/outlets, the distances between which correspond to

the time intervals between the p'!lses/momenta of adjazent channels.

Pulses/momenta from the appropriate removals/oiutlets of delay line P14

are fed/conducted to the channel by modulators MI, M2, M3 and so

forth, where the nunerals designate the number of channel. To the

modulators, through the differential systems AC, the signals from the

subscribers are fed/conducteri, as a result of which it is realized by

AIM. Fror the outputs of all modulators the pulses/momenta supply to

the syrJean of conversion of AIM in KIM, and then are supplied to the

transmitter, where modulation of tie oscillations of transmitter on

the amplitude, the frequency or the phase is realized. Fig. 6.4.2

a?• shows also introduction from PH through the amplifier Y of
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synchronizing pulse. From the output of receiver all pulses/momenta

enter the converter KIM in AIM. After this, the modulated pulses

enter the selector of the timing pulses CCM.
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Fig. 6.4.1. Princirle of time-division multiplex.
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Timing pulses from the output of CM, are supplied to the distributor

of pulses/momenta PH and to the selectors of channels CK. The

"._ selectors of channels realize isolation/liberation of channel pulses,

which then a-e supplied to the filter of the lower frequencies of

gff With the output of 0H' of low-frequency oscillation they

proceed to jC and then to the subscribers.

With KIM during that abstracted/remo'ved to subscriber of interval

of time 7. is realized impulse/transmission n pulses/momenta by

duration 7, that form word or character. Let us note that for

purposes of the decrease of pulse band it is desirable to make as
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widely as possible; in connection with this between the pulses/momenta

in a number of cases it is not done gaps/intervals.

Subsequen>tly code combinations are supplied to modulator of

transmitter, where modulation of oscillations of transmitter in

amplitude, phase or frequency is realized by pulses/momenta, entering

code combinations.

In receiver after detection are obtained initial code

combinations, which subsequently with the aid of selector are supplied

to individual demodulators of channels. as a result of this on

,haracte:s it is conducted restoration/reduction of initial

communication/report.

One should emphasize that with KIM all pulses/momenta, eptering

code combinations, not only are identical with respect to amplitude

and duration, but they have also fixed/recorded position. The

presence or the absence of pulse/momentum in code combination is the

result of modulation during the binary coding only.

Fixed/recorded position of pulses/momenta in code combinations

makes it possible to carry out pulse regeneration. The sense of

regeneration is of the replacement of the "noised" pulses/momenta new,

not having noises, i.e., in the regeneration instead of the

pulses/momenta with the noises superimposed on them to the same

fixed/recorded position in a precise conformity with code combination

the new pulses/momenta, which do not have noises, are introduced.
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Fig. 6.4.2. Principle of construction of equipment with KIM.

Key: (1). To modul. (2). To channel sel. (3). Subscriber. (4).

to lIp. (5). From 11.
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Pulse regeneration makes it pcssible to considerably increase the

interference shielding of the entire communication system, since the

possibility of the accumulation of noises with pulse advancing on the

sections of connection/communication from one station to another

eliminates.

However, equipment for multiplexing with KIM and equipment for

pulse regeneration proves to be fairly complicated. Therefore in the

communication systems through ISZ the introduction to pulse

regeneration on board the satellite thus far can be examined only over

the long term.

Let us conduct evaluation/estimate of bandwidth, necessary in the
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case of KIM. Taking into account that width of band of telephone -

signal is equal to 3100 Hz, in accordance with (6.4.2) we obtain, that

the clock repetition frequency of code combinations in each channel

can be F,=8x 10J Hz (2.35 times of more than the higher frequency of

the transmitted signal). If we consider that word can consist of n

pulses/momenta, then in the case of N telephone channels the necessary

bandwidth will comprise

K F, = 1,05x8XI 3nN = 8,4lx 1'nN, ez,(t) (6.4.3)
Key: (1). kHz.

coefficient of 1.05, which entered this expression, determines certain

increase in the frequency band due to the transmission of timing

pulses. Let us note that expression (6.4.3) confirms the statement,

made during the analysis of formula (5.4.8).

Let us pass to examination of second method of transmission of
j

telephone channels in the case of KIM. In this case during the use of

standard equipment for the frequency division multiplex of telephone

channels the transition/junction from the cable or radio relay lines

to the communication systems with KIM can be simplified. The

frequency band, which will be necessary, can be determined as follows.

Considering that for the transmission of group signal it is necessary

to have n of pulses/momenta in word, and increasing by 5% bandwidth

due to the transmission of timing pulses, let us find

AF, = F1 1,05n. (6.4.4)

Here F,1p - clock frequency during transmission of group

spectrum. Since F ,,=--=2AF, taking into account (5.4.1) and
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S(6.2.1), we will obtain
Q,)

A F2> 1,05.2A Fn = 1,05.2.4,2. lO3Nn = 8,8. 103Nn, ei. (6.4.5)
Key: (1). Hz.

Comparing (6.4.5) and (6.4.3), it is possible to see that the second

method of the transmission of telephone channels; with KIM requires

somewhat larger frequency band, which is determined by the presence in

equipment of the frequency division multiplex of protective belts,

frequencies between telephone channels and by the groups of these

channels.
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Chapter 7.

Transmission of telephone signals along the line of communications.

7.1. Electrical characteristics cf channels,

During establishment of norms for communication channels,

organized in different communication systems, MKKR proceeds from

completely specific hypothetical standard circuits, which serve as

management/banual during design and creation of real communication

systems.

For communication system with the help of active satellites

during transmission of multichannel telephone signals or signals of

black and white zelevision as hypothetical standard circuit for
intercontinenatal systems is accepted line of communications

Earth-satellite-Earth, shown in Fig. 7.1.1 [7.1; 7.2]. In the

recommendation of MKKR is noted that the hypothetical circuit includes

one pair of modulators and demodulators.

This hypothetical circuit corresponds to majority of

intercontinental airlines of communications, organized through active

ISZ, since with distances of satellite of more than 20000 km in this

case transmission of signals up to distances, measured along surface

of Earth, is ensured, not less than 7500 km. If is required the

organization of the line of communications up to the distances, which "
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cannot overlap with the help of one satellite, will have t. connect

two, and in certain cases three hypothetical lines, shown in Fig.

In Fig. 6.2.2 it is shown that for transition/junction from

twin-lead circuit tv, four-wire and vice versa at input and exit of

telephone channel is connected differential system, which must create

high attenuation between circuit of reception and transmission.
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Fig. 7.1.1. Hypothetical standard circuit.

Key: (1). Space station of communication satellite. (2).

Terrestrial station.
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Since the absolute balance of differential system in the circuit is

impossible to provide, part of the energy passes from the circuit of

reception into the circuit of transmission. As a result of this, as

shown in Fig. 6.2.2, the loop of feedback appears. For preventing the

self-excitation it is necessary that the level in the circuit of

transmission would be higher than in the circuit of reception, i.e.,

in other words so that the product of all amplifications and

weakenings in the communication channel from the input to the output

would be less than one. Let us note that the product of all

amplifications and weakenings, introduced into the communication

channel, is called overall line attenuation.

According to recommendations of MKKTT [International Telegraph

and Telephone Consultative Committeej value of overall line

attenuation in telephone channel is equal to +0.8±0.2 Np, i.e., in

channel there is always weakening signal level from 0.6 to 1 Np.



DOC = 86120411 PAGE , J7

Since telephone channels are frequently used not only for the

transmission of telephone communications/reports; but also for the

transmission of other information, this universality of telephone

channel leads to the complication of requirements. In particular, the

permissible change in the signal frequency during the transmission

along telephone channel must not exceed 2 Hz [7.4). This condition

leads tc the fact that in the communication systems through ISZ must

be accepted the measures, eliminating the change in the frequency,

caused by the Doppler effect.

According to recommendations of MKKTT telephone channel must have

passband from 300 to 3400 Hz, and frequency characteristic, which

determines change of overall line attenuation in this frequency band,

must lie/rest within limits of boundaries of stencil, shown in Fig.

7.1.2 (7.3).

Requirements for phase response of telephone channel are set to

nonuniformity of group time of emission of the signal, which is

defined as derivative of phase response in frequency. According to

the racommendation of MKKTT the group propagation time from its

minimum value can differ at the frequency of 300 Hz not more than on

10 As, and at the frequency of 3400 Hz not more than on 50 us.

Value of noises at output of telephone channel of communication

system through ISZ is determined at point with zero relative level and

is measured by psophometer, whose frequency characteristic considers
physiological special feature of human ear/eye, which has different

sensitivity at different frequencies of sonic spectrum.



DOC 8 86120411 PAGE

"a ? I "I 4 . . . .".' I)

30• W0 A? de //]//a 2,70 220fl 3JAM J,00

Fig. 7.1.2. Norms to frequency characteristic of telephone channel.

Key: (1). Np. (2). Hz.

Page 166.

The ratio of the psophometric power of noises in the band of telephone

channel to the unweighted power, measured in the same frequency band,

is determined by the square of psophometric coefficient xw which is

equal to 0.56 (-2.5 db).

According to recommendation of MKKR [7.1, 7.2] at output of

telephone channel of communication system through ISZ at point with

zero relative level psophometrically weighed power of noise in any

telephone channel of hypothetical circuit must not exceed following

values:

averaged in any hour ,.. 10000 pW

average-minute power of noise, which can be exceeded not more

*• than 20% time of any month ... 10000 pW

average-minute power of noise, which can be exceeded not more-: "11<59
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!• • than 0.3% time of any month ... 50000 pW

average/mean in 5 ms unweighted power of noise, which can be

exceeded not more than 0.03% time in any month ... 10' pW.

In this recommendation of MKKR are not considered noises of

equipment for multiplexing, or peaks of noises and clicks, created by

equipment of feed and commutation and by switchings from one satellite

to another. Let us note that if at point with the zero power level of

the psophometrically weighed noises is equal to P,= I0000 pW (10"5

mW), then the ratio of the power of test signal to the power of noise

comprises

101g Pc-= l1g 1-- = 50 W. (7.1.1)

Since psophometric coefficient K.=0,75, which is 20 1g 0.75=-2.5

db, at tVe same point ratio of power of test signal to power of

unweighted noise will comprise

50-2,5=47,5 66. (7.1.2)

Noise at output of telephone channel can be subdivided into two

groups: thermal (fluctuation) noises and transient noises, caused by

distortions in different elements of communication system. The

overall value of all noises must not exceed the values, determined by

the given norms. Consequently, during the design of the communication

system, on the basis of the possibilities and the technical-economic

advisability of the construction of the diverse variants, developer

must justify and select such values of the separate groups of the
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noises, with which the overall value of noises will not exceed the

norms of MMKR.
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7.2. Transmission of one sideband (OBP).

Principle of transmission of multichannel signal with frequency

division multiplex is clarified by block diagram, given in Fig. 7.2.1.

Here the telephone signals of subscribers with the frequency spectrum

within limits FM.,,+FMU,,b enter the equipment for multiplexing AY, at

output of which are obtained the oscillations with the group spectrum

F,-F.. After amplification in the group amplifier 1Y1 these

oscillations fall on the converter of the transmitter npi, with the

help of which the transposition (bias/displacement) of the groupa~ F_-(Ft ÷ ),

spectrum into the frequency region f+(Fl-F2)Aoccurs, moreover f>>F,;

f>>F2 . Through the filter 01 is passed one of these transposed group

bands, cut-off frequencies of which let us designate through f,-f 2 ,

and width of band Af=f 2=f1 =F2 -f,. It is obvious that during the

transposition of the spectrum in accordance with the given

inequalities will without fail be fulfilled the following condition,

which determines the relative bandwidth:

>> 01 (7.2.1)

here

After filter 01 of oscillation with frequencies of f1-f2 they
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fall on amplifiers of transmitter YU ,nd bfn feeder proceed to a'tenna

A'. Then oscillations are received by antenna of repeater, are

fed/conducted to the receiver, are amplified, are displaced in the

frequency in the converter, which forms part c:f anxiliary step/stage

BC, and proceed to transmitter. Let us note thet the

bias/displacement of oscillations in the frequency in the repeater is

necessary to avoid self-excitation, which can appear with the

reception of the oscillations of its own transmitter.

Oscillations, which passed repeater, are accepted terrestrial

antenna A", and after passage through receiver H3 they proceed to

converter of receiver rip,, in which is realized inverse transformation

from oscillations with cut-off frequencies of f,-f 2 to initial group

* spectrum with cut-off frequencies of F,-F 2 .
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Fig. 7.2.1. Block. diagram of transmission with OBP.

Key: (1). Retransmitter.
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Oscillations with these frequencies after the passage through the

filter 02 and the amplifier 1Y2 enter the receiving part of the

equipment for multiplexing AY, at output of which they are converted

into the telephone signals with spectrum F1H.+Fiv,,c, supplied to the

subscribers.

From examination this block diagram it follows that in transit

through receivers oscillations will undergo effect of thermal noises

and will be distorted due to imperfection of characteristics of

equipment.

Thermal noises. Let us determine the power of thermal noises at

tze output of telephone channel at point with the zero relative level.

In this case for simplification in the recording index "VYKh" let us

drop/omit.

In acc.rdance with expression (5.5.6) upon consideration (5.2.3)

and (5.2.1) le- us find

-=- ~
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p. kT?6 .A FBz+ kTZ3 A FBZ2  (7.2.3)
PC Pnusn

With OBP average/mean power of multichannel signal at point with

zero relative level can be determined according to expression (H.4.9)

of appendix 4, i.e.

P, = Pcp= |O°-c'P, •6M. (7.2.4)

Here level Pcq. is determined according to (6.2.4) or (6.2.5).

With substitution (7.2.4) in (7.2.3) let us find power of

unweighted noises in band of multichannel signal &F=F2 -F2 at point

with zero relative level

p.,=kAFT,,+ _L_ ,p•, MoW. (7.25

Passing to calculation of weighed noises in one telephone

channel, should be replaced AF by AF, and introduced psophometric

coefficient .-•

P'---kAF T• 1  Tz3 BZ2 1p 2, mW. J7.2.6)
P. I p=riAs, + jPc~n,

From this expression it follows that value of noise will not

depend on F., in ell channels noise will be identical. With

satisfaction of conditions (5.5.7) and (5.5.8) the calculation of the

psophometric power of noises for one channel at point with the zero

relative level in accordance with (5.5.9) can be conducted according

to the simplified formula

STs B 2 (7.2.7)
PW A ic Pu5 Wf 727
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or, since k=-,38.10-23dxAF,=3,1 10 Hz; "n-0,56,

P ==Z4.10-11P6 ,pW. (7.2.8)
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Let us recall that in all given formulas value T is taken in

degrees Kelvin, power of transmitters - in W, and Pe - in mW.

"I in the case, when value of noises at output of channel for

section of connection/communication in question is assigned, and it is

necessary to determine power of ground-based or onboard transmitter,

on the basis of latter/last formula it is possible to record

P. = 2,4. 10-" T'' 8' P,;, W. (7.2.9

Here PwA - in pW, Pp - in mW, T; - in degrees, OK. Values 8,

and T, correspond to the section of connection/communication, for

which is assigned the value of noises. The obtained from expression

(7.2.9) power determines the average/mean power coefficient of

transmitter. Its peak value can be calculated upon consideration of

the peak factor of the multichannel signal K, which is located

according to the graphs, given in Fig. 6.2.5. It is obvious that

r n n ow ° x • (7.2.10)

Transient noises, caused by nonlinearity of amplifiers.

Multichannel telephone signal in transit through the amplifiers or
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other elements with the nonlinear amplitude characteristics is

distorted.

We will consider that to input of quadrupole with nonlinear

amplitude characteristic multichannel telephone signal U,(t) is given.

Assuming that amplitude characteristic of nonlinear quadrupole

can be represented in the form of polynomial, we will find the

expression for output signal U,1 ,(t) in the form

U.. (t) := a, U1 (t) + at U2 (t) + G'S U3 (t) + ... a,,u(t). (7.2.11)

Here all coefficients u,, c,....a, do not depend on time. The first

term of this expression is signal at the output of quadrupole in the

Sabsence of nonlinear distortions. Introducing the designation

a, U, (t) = U (t)0 (7.2.12)

instead of (7.2.11) we will obtain

U.. (t) = U(t) +a2U' (t) + a3U3 (t) +... (7.2.13)

From (7.2.12) it follows that signal at output of quadrupole can

be represented in the form of sum, comprised of undistorted part of

U(t) of output signal and components, into which enter coefficients

a2 -!', a3  '- .... a,,-Q of polynomial.
2 3a'R
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We will designate these components, called the products of nonlinear

distortions,
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(1) =�aP3 (0 + U (1) + ... (7.2.14)

Thus, output signal can be represented in the form

1j" (W = u W0 + a (t). (7.2.15)

Du:ing analysis of distortions of output signal it is necessary

to consider questions about spectral composition of functions U(t) and

e(t) and about relationship of their average/mean power in frequency

band, occupied by transmitted signal. If the products of nonlinear

distortions fall into the frequency spectrum, which occupies U(t),

this will lead to a change in the value of the undistorted part of the

output signal U(t), i.e., to the nonlinear distortions. For the

evaluation of the distortions of group signal with its passage through

the quadrupole with the nonlinear amplitude characteristic it is

necessary to know:

- the spectral density of the undistorted part of the output

signal;

-the spectral density of the products of the nonlinear

distortions e(t) in the frequency band, which the undistorted part of

the output signal U(t) occupies;

- relation of the spectral densities of functions ep(t) and U(t)

in the individual sections of the frequency band, by the occupied

undistorted part of signal U(t).

Knowing enumerated values, it is possible to solve question very

important for practice about requirements for degree of linearity of ?'
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"amplitude characteristic of amplifiers (quadrupoles), with execution

of which distortionk, of output signal will not exceed those permitted.

Let us consider question about spectral density of function U(t)

and U.U.(t). From expressions (7.2.11) and (7.2.12) it follows that

these functions are connected with signal U,(t), supplied to the input

of quadrupole, with the coefficients of the polynomial, which do not

depend on time. In the sections. 6.2 were noted, one hundred

multichannel telephone signal are random stationary process,

consequently, and functions U,,,(1), U(t) and (4), connected with the

input signal Uj(t) with the coefficients of the polynomial, will also

be random stationary processes. Therefore for the determination at

the output of the quadrupole of the spectral density of the enumerated

Sfunctions can be used the relationships/ratios between the correlation

function and the spectral density, determined by Fourier transform

(B.4.15) and (11.4.16). In this case it is implied that the

corresponding characteristics of input signal are known and are

determined by expressions (6.2.8)-(6.2.13).

Taking into account aforesaid, let us find fundamental

characteristics for undistorted part of output signal during

transmission of multichannel telephone signal.

Page 171.

Spectral density G(W). In accordance with (6.2.7) and (7.2.12),

we have
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O(a)=aGo when FF<<F,

G(Q)=0 with F< F1, F > F, (7.2.16)

Correlation function B(r). According to (6.2.9) for region

F,<-F-<Fi we have

B(@) -~-f-c-n .•scisnrd - f" Qr - sin Qr). (7.2.17)
8t

Average/mean power on resistor/resistance of 1 ohms. For this

let us compute correlation function with r=0

B(O)= L G-(7.2.18)

Let us now move on to determination of spectral function for

e(U). For this let us first find correlation function, and then,

using Fourier transform, let us determine G0 (Q).

Correlation function B. (t) in accordance with (fl.5.9) and (Hl.5.6)

can be recorded in the form

B.( e , y R--(t)E(t+T)e 2(1-,R2 8 x

XdJU (0) dU (t + -L),

substituting (7.2.14), being limited to polynomial not higher than

fifth degree, let us find

Bo "! -- - -(asU9+a'''+ . . . a.U,)(aJ2+ ... a~L.,X

U s-IJVý-- 2 ,UU ,

' d,.
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Here for the brevity of recording it is accepted

SR_ = R €(T); u = u Ct); u! = u Ct r•

As a result of integration, which can be carried out by different

procedures (see for example [7.53 and by [7.63), let us find

B, (T) c• + ? (0 )c, + 2,2 (-r) c + 6R ( 3)c• +24R(T)a4+ 120,R'(T)a2.

Page 172.

Here:

Co = a, + 3a 4,e,

C, = 3a, a' + 15a, o4,
C, = a. + 6a, ai,
C, =as+ 10a6 '. (7.2.19)

Examining expression B. (r), it is possible to do following

conclusions:

- first term does not contain correlation function and,

consequently, it does not depend on time. Therefore first term

determines the constant component of function e(t), does not lead to

the distortions in the transmitted signal and therefore subsequently

it can be disregarded;

- second term contains correlation function to the first degree

and, consequently, is determined that part of the products of

nonlinear distortions, which will be coherent with the transmitted

signal. Therefore this component/term will not lead to the nonlinear

distortions, but it will only change the value of different components

of signal. These distortions will be similar to those, which are

obtained with the nonuniform amplitude-frequency characteristic of
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amplifier or quadrupole. In the case, when percentage distortions are

small, these distortions it is possible not to consider.

The terms, beginning from the third, will lead to nonlinear

signal distortions. Thus, that part of the correlation function,

which determines nonlinear signal distortions, it is described by the

expression

BF (T) = 2R3 
(t) C2 + 6R3 (T) C3 + 24R (I) a4 + 120R (T) a5.

For determining spectral density of products of nonlinear

distortions latter/last expression should be substituted into formula

(n1.5.15); in this case, since coefficients C and a do not depend on

time, they can be carried out as integral sign. As a result we will

obtain:
( (2) =G, 02) -4 O, (2) + G4 (Q) + 0. (Q), (7.2.20)

G, (2) 8C2 R' (r) cos Lr dx

G3 (Q)= 24C2, R (Tr) cos!Qr d T
0 (7.2.21)

04 (U) 9=9&2 R4 (T) cos 9) dr

S -480aR'(r)cos t dT
o

Page 173.

For computing integrals it is possible to use theorem, known from

theory of Fourier transforms [7.7]: if two functions f,(t) and f,(t)

have spectral densities 4', (M) and ,¶(w), then for the product of the

functions, i.e., for function fit) -- 1(t)°.2 (), spectral density '1(",,can.be .

found from expression \,j;
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Using this theorem for computation G,(M), let us find

2- k . (t)cos - - 8CJ R (t) R (T) cos62td -
0 0

. 2C22 . ( -) 6 (-! - L,) . (7.2.-22)

In the latter/last expression a change of integration limits indicates

the transition/junction from one frequency region F,<F<F,, which was

determined by conditions (6.2.7), to two regions with the

conjugated/combined frequencies, shown in Fig. 7.2.2. Integral in

expression (7.2.22) depends on the product of two functions, which

determine spectral density, similar to that represented in Fig.

7.2.2, moreover one of these functions is shifted relative to another

value 0. The value of this shift/shear will determine the domains of

existence of integral and integration li.nits. It is obvious that the

integral, determined (7.2.22), will exist only in such cases, when

G(O,) and G(SI-Q.1 ) is simultaneously different from zero. Fig. 7.2.3

shows functions G(Q,) and G(n-Q,) with different value of shift/shear

0=2rF. Shading determines the domain of existence of integral in

expression (7.2.22), and the boundaries of these regions - integration

limits. Therefore instead of (7.2.22) it is possible to record:

Gs (Q) 2 2 -G 2 F 2I 2F.-~i ~,2-i- d•Ž . _2~G2 4-. A F- J.')

2V(F- F,) IT < F1,
G2Q =2C2Go C202•G(2) 0CG d Q, 2 2 0 21c (F - 2F1)

2xF
1  a

2 2 :22F, C22 nH2F, < F•F + F2,,
G2 (Q) 2C 0G I d Q, = 2C Go 2-t (2F, - F)

2 -A(•- F,) (•,npn F,+ F2 < F <, 2F,.

Key; (1). with.
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Fig. 7.2.2. Domains of existence G(O).
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By taking into account (6.2.11) and by passing from the angular

frequencies 2=2rF to the linear, we will obtain:
Li)

CF)2C- np00 -F.F--F 1 ,
AF=A ripH 2F, < F <F, + F2.

0? (F) 2A ' npH F, + F2 < F < 2F,.

Key: (1). with.

It is here marked AF=F 2 -F, - band of multichannel signal. From

the analysis of resulting expressions it follows that into the band of

multichannel telephone signal AF only the components, determined by

the first two expressions, can fall. Moreover in the second

expression it is necessary, in order to F<F.. Taking into account the

aforesaid, subsequently the third expression can be rejected/thrown.

Introducing dimensionless frequency
=F-F , F-F, (7.2.23)

Fs - F1  AF

and designating

P, = F, (7.2.24)F,

after conversion of expressions for G2 (F) we will obtain

2
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Fig. 7.2.3. Domains of existence of integral.
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Here

"" (E )- 2

Y2 M - LI 
(7.2.25)

V• Key: (1). with.

From expression (7.2.25) it follows that spectral distribution of

products of nonlinear distortions, determined by quadratic member of

"polynomial, depends on value y(Q).

Fig. 7.2.4 shows dependence y,(t). Let us note that in

accordance with (7.2.23) with a change of the frequency within the

limits of band of multichannel telephone signal, value t vary within

S the range of zero to one. Thus, value Z=0 corresponds to telephone
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channel, the band of frequencies of which is located near the lower Q

(smaller) cut-off frequency F, of the group spectrum, and to value t=1

corresponds telephone channel, the band of frequencies of which is

located near the highest (greatest) cut-off frequency F, of the group

spectrum.

Converting, analogous to those, which were carried out for

determining of GW([2), it is possible to find all values, determined

(7.2.21):

,= •2 0|

G3 (f) = 6C2 17 Y3 (t);

G4,(f) = 244a 2 E

12,F) a2 0a 0

All these values, which determine spectral density of products of

nonlinear distortions, formed respectively by members of polynomial of

third, fourth and fifth degree, contain factors y,.(b) Dependences

y , (Z), y,(Z) and y,(Q) are represented respectively in Fig. 7.2.5,

7.2.6, 7.2.7.
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Fig. 7.2.4. Dependence y,=f(t).
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The total quantity of the spectral density of the products of

nonlinear distortions can be found according to (7.2.20), if we take

into account (7.2.19), (7.2.25) and the last expressions:

2(a. + 6a, oa' (" y,(E) + 6(a. + IOa.a02)-Y 3 () 4
AAF

+ 24a4 y ( + 120as -( ys(). (7.2.26)
AP AF

We use this expression for calculation of transient noises, which

are obtained in telephone channels due to products of nonlinear

distortions. Tcing into account (6.2.10), it is possible Io record

that in the band of telephone channel AF= F2--Fp,, loaded to

resistor/resistance of R, the average/mean power of interferences P",,

nonlinear distortions caused by products, is determined as follows:



7-.
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tJ ) I G,- dF. (7.2.27)

It is obvious that in tnis expression change of frequency F for

value G, (ý) corresp:".V.s to charue • From the examination Ti".

7.2.4-7.2.7 foU'gw that with tna relatively small changes t, which
correspon, lto a change of the fhsequency within the limits of the band

of any telephone channel, values yn(,) are changed insignificantly.

Therefor4* in the frequency range, equal to the band of telephone

channel AF', values Y,;V) and consequently, and G, (ý) can be considered

constant/invariable and equal to thcse values, which are determined by

medium frequency F,, of telephone channel in question.
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Fig. 7.2.5. Fig. 7.2.6. Fig. 7.2.7.

Fig. 7.2.5. Dependence y,=f(t).

F~ig. 7.2.6. Dependence y,=f(t).

Fig. 7.2.7. Dependence y,=f(t).
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:SOn this foundation expression (7.2.27) can be simplified

Q .) G, W A )
P. dF R F

fix

Taking into account that measurement of interferences is made by

psophometer, let us introduce psophometric coefficient K2 Therefore

P,, - KG•K•-)AF (7.2.28)
R

Taking into account that according to (6.2.12) a-=ke2P,1 after

substitution in (7.2.28) expressions (7.2.2C', let us find

F, *a" L2PCpFi t , 2r (a,, e 6, P e,, ) -+- 6(a. + l0a 6R e

X M e• y3(G) 4- 24a4Ray% (t) eS'P-t 120-a 2R4 eO °4!OcPy y(.

(7.2.29)
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Let us consider coefficients, entering first two terms of

latter/last expression. taking into account the values of

coefficients of a, and a,, determined by formulas (11.6.22), let us

find

a2 + 6aj 2 = C, = 2- p 4L(b+P) + L4 e"Jb4+3p& e2pp

-- • e-(b.+PI) [1 - 4e-(b'-b) +- 12 e--("-b+ 2P-2pcP)].
IT 2R

In the case, when characteristics of amplifiers or quadrupoles

are close to linear, it is possible to consider expression in bracket

close to one. Therefore
2 e-(b,+p1 )

a2 + 6at 0- a, = -2 . (7.2e30)

Analogous examination of coefficient a3 +l0a,a 2 =C, with small

nonlinearity of characteristics leads to expression

a, I- lOaa2 a,--"_L (b+2p&) (7.2.31)

Substituting (7.2.30), (7.2.31) and value of a, and a, from

(U1.6.19) in expression (7.2.29), let us find

p = f+A Kc 1 (4e-b•+pA) e , (F) + 24e- ) eopcP Y3 (D) +

+192e -206+3p.) eSPcp Y. () + 1920e-2 (b•+P')elopCPy.(,)]. (7.2.32)
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In the case, when calculation of power of products of nonlinear-

distortions is performed at point with relative level Pi,, and values of

indices of nonlinearity are determined on zero level of fundamental

tone, we will obtain following expression for determining transient



DOC : 86120411 PAGE --2'

noises in band of one telephone channel

P HOý e +2P. A K r -2a e4P -2b, 6pcp
AF "[4e- P I +) 24e- e Ya3) +

+ 192e- 2b'e-aPy 4 (a) + 1920e-2beeoPcPyb(c)], Y MIA. (7.2.33)

Key: (1). mW.

Under analogous conditions, when percentage distortions are

determined by supply of two sinusoidal oscillations on zero level of

fundamental tone, in accordance with expressions (H1.6.35) and

(7.2.29), we will obtain

P HO-e ALF e eP Ya (Q )+ 3e e6PcP Ys(M)

16 -2b2 O2. SP2 96 -3-2 10P i ) i
3 e e--b3-.2y el~c t () M .Mere (7- 2.34)

Key: (1). mW.

Expression (7.2.33) can be converted so that instead of the indices of

nonlinearity b,, into it would enter the coefficients of nonlinearity

K,. Upon consideration of expression (1M.6.15) we will obtain

AF

+48e -P K4Y4 () + 480eP5p I (), (7.2.35)

Key: (1). mW.

One should note that according to expressions (7.2.33), (7.2.34)

and (7.2.35) it is possible to calculate power of transient noises,

which are obtained due -) nonlinearity of characteristics of any of

amplifiers, shown in Fig. 7.2.1, i.e., amplifiers rY and Yfl, and also

amplifiers of repeater. However, during calculations should be
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focused attention on the fact that the coefficient /, in accordance

with which on the curves in Fig. 7.2.4-7.2.7 are determined values

y),. will be different for the amplifiers FY and Yfl or rY and the

amplifiers of repeater, which follows from expression (7.2.2).

From expressions (7.2.33), (7.2.34) and (7.2.35) it follows that

power of products they are nonlinear distortions (transient noiszs) it

grows with increase in number of channels, since in this case

increases Pcp (see Table 6.2.2). Transient noise especially sharply

depends on the nonlinear products of higher orders.

For estimate of the magnitude, which are obtained during

calculations according to expressions (7.2.33) and (7.2.35), let us

give calculation of indices of nonlinearity and coefficients of

nonlinear distortions of KNI with following initial data:

- number of channels N=60 and 600;

- power of products of nonlinear distortions (transient noises)

at point with zero relative level P,,o=500 P,/=5.I0- mW, pI=0

Page 179.

All components/terms, entering brackets of expression (7.2.33),

are taken as equal to each other. This means that is accepted the

condition, according to which the powers of noises, created by the

products of the nonlinear distortions of different order, are equal to

each other and, consequent.y, are equal to (500/4)=125 pW;

- value y,(•y,(Z)=y,(t)=y,(E)=0.5=y(t).
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Expression (7.2.33) for this special case can be recorded as

SFx2Pito= _ y (t) 4M. (7.2.36)

Here coefficient

M == 4e"-2N e 4pp 24e-2b. e6pcp = 192e-2b, e8'cp = 1920e-2b, e pcp.

(7.2.37)

From (7.2.37) it follows:

bg2Pe ep,

IMb2 pp -- In 4

it is analogous:

b m M_b3 = 3pcp - -L In
2 24'

S bL = 4pcp -- I_ _MInM

2 192

b5=5p.,-- IIn-.
2 1920*

If b.-b 5 are found, then according to (fl.6.15) it is easy to

determine permissible coefficients of nonlinear distortions

"O =e-b-. 100.
U,

Coefficient M can be determined from (7.2.36):

M= 0,25P.

Substituting the value P,,-=5.10-7 mW; Af=240 kHz with N=60;
Af=2480 kHz with N=600 (see Table 6.2.1); AF,=3,1 Ke4; K2 ; 0,56; y(t)=-0,5 , it

is easy to determine all values. Values pcp are given in table 6.2.2

or are counted according to formulas (6.2.4) and (6.2.5) ,(;e results
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of calculating the indices of nonlinearity b, and percentage

distortions K, are given in table 7.2.1.

Page 180.

From Table 7.2.1 it follows that requirements for linearity of

amplitude characteristics of amplifiers, modulators and demodulators

are very high: indices of nonlinearity for second and third harmonics

during the supplying into channel of measuring level must be 7-3 Np

(coefficient of nonlinear distortions - several hundredths of a

percent), and for fourth and fifth harmonics - 10-15 Np in dependence

on number of channels (coefficient of nonlinear distortions -
thousandths and hundred-thousandths of a percent).

If measurement of nonlinearity of characteristics will be

realized by level, in Z of times which exceeds measuring (on

voltage/stress), then according to application/appendix 6 value of

percentage distortions on n harmonic can be z-- once that larger

given in Table 7.2.1. The value of the indices of nonlinearity in

this case in comparison with the tabular value can be reduced on

For explanation of aforesaid let us find permissible value of

percentage distortions in measurements with the help of sine voltage

with level, equal to Pcp. Initial conditions are the same as during the

calculation of Table 7.2.1, and a number of channels N=600.
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From Table 7.2.1, and it follows that Pep=I,47 Np and therefore in

Se21". 4 7=19 times according to power exceeds measuring level. Thus,

value Z= 1/-9=4.35. So that in telephone channel at point with the zero

relative level the total power of transient noises would not exceed

500 pW, group amplifier (modulator, demodulator) was necessary, in

which in the measurements with sine voltage with level Pep of value

K;;-Z,,-Itimes differed from those given inTable 7.2.1. Therefore

value K2,0.055"4.35=0.24%; K3,0.006-4.35'=0.11%;

K4 :3.6.10 -*4.35'=0.03%; K,5 1.1-10-1.4.341=0.004%.
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Table 7.2.1.

flo.a3art.ab KHSeAHW oC mn, L4) KOw,4HUMHCT Heamm4eflHOCTH1
XSHAOS Ai b. b, bs , K2 KX K_____ ______ _________ _________ I _____ I ' I

60 5.10-7 34,5.10-6 0,7 7,23 8,83 10,63 12,5 0,07% 0,014% 2,5.10-3 % 4"10-4 0,;

600 5.10--7 34,5.10-5 1,47 7,62 9,88 12,56 15,18 0,055% 0,006% 3,6.10--4 % 1,1.10-1 %

Key: (1). Number of channels. (2). mW. (3). Index of

nonlinearity, Np. (4). Percentage distortion.

AA

N
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Hence follows that identical power of transient noises is

obtained in ratio (K2/KJ) -8 and (K2/K,)=60. Thus, the unjustified

neglect in the calculations by values K, and K5 (or b. and b,) can

lead to the inadmissibly high value of transient noises.

Let us note that given data are not comprehensive and car'y

illustrative character. Obvious also that the accepted during

calculations total value of transient noises, equal to 500 pW, during

the identical distribution of this value between the products of the

nonlinearity of different orders (on 125 pW) it is a special case.

From expressions (7.2.33), (7.2.35) it follows that in general

case of power of transient noises, created by products of nonlinearity

of different orders, they can be not identical, but different. With

other words, during the creation of group amplifiers developer can

arbitrari'v change the relationships/ratios between the values of

percentage distortions or the indices of nonlinearity; however, these

arbitrary changes must be implemented so that the total power of

noises, determined by expressions (7.2.33)-(7.2.35), would not be

above given one. For the illustration of the possible limits of a

change in coefficients and indices of nonlinearity Fig. 7,2.8 gives

the graphic dependence, which determines the relationships/ratios

between these coefficients for the following case: the total power of

transient noises at point with the zero absolute level is equal to 10,

S@ 100, 200 and 1000 pW (it is indicated as the parameter to curves),
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number of channels N,=600 (unbroken curves) and N2 =60 (dotted curves);

y2(,)=y3()=0.5; the products of the nonlinearity of the fourth and

fifth order they are absent (i.e. b4; b,4=; K4 =0, K,=O).

From examination of graphs Fig. 7.2.8 and Table 7.2.1 it follows

that during transmission of OBP all amplifiers must have amplitude

characteristic with very high degree of linearity. Especially large

difficulties this condition it will cause during the development of

powerful steps/stages of transmitter, since in this case of their

efficiency will be small.

Transient noises, which appear in frequency converters. Let us

consider the block diagram of the frequency converter of

oscillations/vibrations with the filter, shown in Fig. 7.2.9. Here to

the frequency converter is supplied the oscillation/vibration with a

frequency of shift/shear of f 0 and the multichannel telephone signal,

which occupies frequency spectrum F'-F". Let us note that this

spectrum can lie/rest both above, and lower than frequency kf 0 , where

k=l, 2, 3. If f 0 >(F'-F"), then at the output of converter will appear

the oscillations/vibrations of upper and lower sidebands or as they

are sometimes called, the total k sidebands kf 0+(F'-F") and the

inverse differential k sidebands Kfu-(F'-F").
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The filter, which stands after converter, is tuned to one them them,

and thus is selected the useful signal, the frequency spectrum of

which lies/rests above the frequency spectrum of the input signal. If

f 0<(F'-F"), then at the output c. converter they appear, furthermore,

and the sidebands of form (F'-F") - kf,, called straight/direct

differential kýsideband. Due to the nonlinearity of amplitude

conversion diagram at its output, besides the enumerated sidebands,

will arise other bands, determined by different combination

frequencies. They all can be decomposed into three groups. The first

group of combination frequencies will be the products of the

nonlinearity of different order, formed by input signal. The second

group of combination frequencies is determined by the products of the

nonlinearity of different order, formed by oscillations/vibrations

with the frequencies, to the multiple frequency of shift/shear.

Finally, the third group of combination frequencies will contain the

products, which are determined both by input signal and

oscillations/vibrations with the frequencies, to the multiple

frequency of shift/shear. In it will be contained the useful signal,

which will pass through the filter, shown in Fig. 7.2.9. It is

obvious that all products of conversion, which fall into the band of

useful signal, will cause transient noises in telephone channels. The

power of these noises at point with the zero relative level bt the

output of telephonechannel can be determined employing the same

procedure, by which was obtained expression (7.2.32). As a result of

examination, with which conversion diagram is approximated by the
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polynomial of fifth degree, analogous to expression (7.2.11), it is

possible to obtain following expression [7.63:

AFK2 -2b. A0  4 -2cp _ Aa (joP V
8e ( 'C )% e 11p e -2
8 A ), t 2

0 3 A 3  v 6cp It b2_ ( p. )+ 2P, 1

+t• 8 -ýL e eY ;,(6) + +

t A

/ ,,+ & A 2 Op 8 - 2[ b. 2- ,(p,)+ 2PI (-IZ) t-

-- (A ) -- 21  b- y,+ ( ) + . (7.2.39)

~~4

( j ., j 2 2p c p4 
2 ( 1n , . . ..,+ P

8,®m

"e 12 Pct=.Y

.lll2
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Fig. 7.2.9. Block diagram of frequency converter.

Key: (1). Frequency converter. (2). Filter.
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Here b, and bm - indices of nonlinearity, determined at output of

converter ;>:r -g the supplying to input of converter of two identical

with respect to amplitude oscillations/vibrations with frequencies F.,

and F. from expressions

-- * U1.1 bm _ Um.ie-- e• _

where U,,, - amplitude of voltage component on output of converter,

that relates to first group of combination frequencies and determined

by product of first-order nonlinearity (i.e. voltage/stress Up. or

Ur,); Um±v - amplitude of voltage component on the output of

converter, relating to the m Ns.,deband of the products of first-order

nonlinearity (i.e. voltage/stress U1 .,p, or Umi+•;

U,±, - amplitude of component of first sideband, determined by

the products of first-order nonlinearity (i.e. voltage/stress UVlF.

or Ut±p);

b,_-() and bm.r-S(p,) - indices of nonlinearity, determined from the

expressions

e -b,-P.. ) = Ut.... e-.,. -. (p,) Um-±(,-$)
U11 U*
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where U_,- - amplitude of component of output potential of converter,

that relates to the first group of the combination frequencies of the

products of nonlinearity r+s of order;

Uy.,(r_,, - amplitude of voltage component, which relates to the m-týN

sideband of the products of nonlinearity r+s of order.

Index p, stresses that during determination of enumerated indices

of nonlinearity of amplitude U,+, at output of converter has absolute

level, equal to p1, no.

Page 185.

A, - is determined according to expression (P.6.18):

A1 j + __+L b' _ -1 e 1 (p,)+2phj

X[{-5<I 23 Pp e-jP') e-1 b3-"2 (P)-b2-1 (P,),

A0= - 3e-'b2-1(pj ) +j 5e- I -2(p, \

A0 2 1 -4e-[ b2-2Pjb! -- (p,)] 1- 1 cp )-2p
= 1 5 j ~ (1--~---P e 2 ~

24A2

X-- 5 -2p,2pSb3- -b2-1(P)]2 p

2A2 P

X 1 -5 1ý- 3 P p e -2p .e- •._, (,,,)+ -b,, 2 1(,i

Am - - 3 e-b' -I(PA) -- -b' 324-()

A,,, 1 -- I 4e- 1 bn, 2-2(p)'b", I-I(p,)J P -2 /I

4A
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Am•13= - 5e- bin, 3-2(psj-r .2-I p,)] 1 - -10A P,: P e- 2P

A,. 4 = f _ = --F' . -- ,nfo--F'
Am4 =A1; - F- F- ' =F" -P F

E(2) mfo --- F' t f +mf0-F'
hi - Fm -,1- m' Fm -- F#

Here f 0 - frequency of shift/shear (see Fig. 7.2.9), f - value

of frequency in group channel. Index in the brackets in values t

indicates, which of the sidebands is selected by the filter, which

stands after converter. Index 1 relates to the case, when filter is

tuned to the total sideband, index 2 - corresponds to use to inverse

differential sideband, while index 3 - to straight/direct differential

sideband.

0
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Fig. 7.2.10. Dependence y,('>l).

Page 186.

Functions Yn(g0r) are determined according to graphs, given in

Fig. 7.2.4-7.2.7. Function y,,(ý('- with t<1 is determined according

to the Sraphs Fig. 7.2.4-7.2.6, and with t>l - according to the graphs

Fig. 7.2.10-7.2.13. On these graphs value 3=(F" /F').

Depeniding on selection of value of frequency f in expressions for

•, using formula (7.2.39), it is possible to determine power of

transient noises, introduced during frequency conversion, for any

channel of system.
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Fig. 7.2.12. Dependence y.(t>1).
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Fig. 7.2.13. Dependence y,(t>l).
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7.3. Transmission with the frequency modulation.

Transmission of multishannel telephone signal with frequency

division multirlex in the case of _ can be clarified on block

diagram Fig. 7.3.1.

Telephone signals with frequency spectrum FMK-.-F,,aj., which come

from V subscribers, after passage of equipment of multiplexing AY and

group amplifier rY proceed to frequency shift key of ChM transmitter H

in the form of inultichannel telephone signal with spectrum F,-F,. In

the absence of modulating voltage the transmitter emits

oscillations/vibrations with a carrier frequency of f 0 ; with

modulation the instaLntaneous value of frequency will be changed.



I DOC 86)1.20412 PAGE

Oscillations/vibrations, after passing the feeder of transmitter, willSact into antenna A and they will be emitted to the side of repeater.

On the repeater the oscillations/vibrations with a carrier frequency

of f, are accepted, are amplified, they pass through the amplitude

limiter Orp, they are displaced in the frequency, for preventing the

self-excitation of repeater, and they are again emitted by antenna.

p



A' iRp 41
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Fig. 7.3.1. Block diagram of transmission with ChM.

Key: (l). Repeater.

Page 188.

Thus, frequency, emitted by repeater, is equal to f' 0 . The frequency

switch of the oscillations/vibrations, passing through the repeater,

is realized in the auxiliary step/stage of repeater BC. Let us note

that in the same step/stage it can be realized and an increase in the

deviation of frequency, what can be useful for increasing the gain in

the section satellite - Earth. The oscillations/vibrations, emitted

by repeater, are received as the low-noise terrestrial receiver fp.

At the output of receiver stand the amplitude limiter of oscillations

Orp and frequency discriminator qA. After tM are obtained the

oscillations with the group spectrum, limited by frequencies F.-F 2.

These oscillations after the series/row of conversions in the

receiving part of the equipment for multiplexing AY are supplied to

the subscribers.

Let us conduct estimate of the magnitude of noises, which appear

in contemporary systems with ChM, on the basis of results, obtained

during development of radio relay lines (RRL).

For hypothetical RRL with length of 2500 km average/mean in any

hour psophometrically weighed power of noises at point with zero

relative level in any telephone channel must not exceed 7500 pW. The

relationships/ratios between the separate components of the
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-psophometrically weighed power of noises at point with the zero

relative level at the output of telephone channel RRL in accordance

with the considerations, given in [7.82, are approximately similar:

the thermal noises ... 3400 pW.

transient noises, caused by reflections in feeders ... 1800 pW.

transient noises, caused by nonlinearity of phase responses of

circuit of shf/SVCh and PCh ... 2300 pW.

If we consider that hypothetical RRL, in the case of transmission

of telephone conversations on 60 and more to channels, consists

approximately of 54 stations and, consequently, signal in this case

* passes through 108 feeder lines, we obtain, which to one feeder falls

not less (1800/108) =17 pW.

Let us assume that power of noises, created by nonlinearity of

phase responses of each station RRL is equal to power of noises, which

are obtained from nonlinearity of amplitude characteristics of group

amplifiers and characteristics of frequency shift keys and detectors.

Then, taking into account that accepted by MKKR hypothetical RRL

contains 54 stations, to 9 ChM modulators and demodulators and 18

group amplifiers, let us find that for each of such elements, and also

to one complete circuit of the high and intermediate frequency of each

station falls the power of noises, equal to (2300/54+9+9+18)=23 pW.

Page 189.
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Passing now to Fig. 7.3.1, it is possible to say that if

technical indices of nodes of communication system through ISZ will be

approximately the same as indices of analogous elements RRL, then

power of transient noises, which appear in communication system

through ISZ, as a result of reflections in feeders will be about

4x17=68 pW, and caused by nonlinearity characteristics of different

elements - about 150 pW.

In real communication systems through ISZ corrected values of

noises will be somewhat different. This is determined by the fact

that the power of the noises, which appear with the reflections in the

feeder, sharply is reduced with the decrease of its length. If we

take into account that the length of the feeders of repeater is very

small due to compactness of equipment, and the length of the feeder of

ground-based receiver is done as small as possible for purposes of

reduction in the thermal noises, then we will obtain that the value of

the noises, which appear as a result of the reflections in the

feeders, in essence will be determined only by the feeder, which

connects terrestrial transmitter with the antenna. Consequently, the

total quantity of noises due to the reflections in che feeders with

the fulfillment of the transmitting feeder of terrestrial station with

the same thoroughness as feeders RRL, will not exceed 20-30 pW and in

further calculations can be disregarded.

Another position will be with noises, caused by nonlinearity of

characteristics of repeater. Taking into account the need for maximum'*0
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reduction in the weight of the elements of equipment of repeater,

compactness of the nodes and other requirements, cannot be considered

that the nonlinearity of the characteristics of equipment of repeater

will correspond to the characteristics of the analogous elements RRL

station. Apparently, are more corn t to present to the linearity of

response of repeater less stringent requirements, than for the

characteristics of equipment RRL.

p1  Taking into account aforesaid, subsequently for communication

systems through ISZ we will examine only thermal noises, noises, which

appear as a result of nonlinearity of amplitude characteristics of

group amplifiers, characteristics of ChM modulators and demodulators,

and also noises, caused by nonlinearity of phase-responses of elements

of circuit, through which are passed by ChM oscillation.

Thermal noises. Keeping in mind (5.5.6) and (5.3.25), in the

general case, when in the auxiliary step/stage BC of the repeater (see

Fig. 7.3.1) a change in the parameters of modulation (for example, an

increase in the deviation of frequency) is realized, we will obtain

-.ýk A FF2 [TX( BE, TL3 BE2  (7-3-1)

Let us recall that indices 1 and 2 relate respectively to section

of connection/communication Earth - satellite and satellite - Earth,

and P,,, and Pnr are determined power of transmitters (terrestrial and

onboard) in W.

Page 190.
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Power of psophometrically weighed noises at output of telephone

channel at point with zero relative level will be

P, ='F>,j2 , I , ,B+I. (7.3.2)

With satisfaction of conditions (5.5.7) and (5.5.8) calculation

of thermal noises it is possible to carry out only for section

satellite - Earth. In this case we obtain the simplified formula

P., = k A Fjj2, -, .• ---- 2- , mW. (7.3.3)

Taking into account that k=1.38-10- 2 3 J/deg; AF,=3,1 kHz;

', =0,56, we will obtain

P, =2,4.0-" T,, B,, 'F2, pW.
P ,=2,4. 0p!K (7.3.4)

In the case, when assigned magnitude of fluctuation noises at

output of telephone channel for specific section of

connection/communication and it is necessary to determine power of

ground-based or onboard transmitter, on the basis of latter/last

expression and given numerical values we will obtain

Al = 2,4. 10-11 T3 BE '2 .,735& F4 , W. (7.3.5)

Here Pu,,; - psophometrically weighed assigned power of noises in

pW, T2 - in degrees of- K. Values TS and B. must correspond to the

section of connection/communication, for which is assigned the value

I . .
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(• of noises.

Let us note that calculation according to expressions

(7.3.1)-(7.3.5) is feasible only on signal level, which exceeds

threshold value.

From expressions (7.3.2) and (7.3.5) it follows that power of

noises depends substantially on value of effective value of deviation

of frequency in telephone channel and on medium frequency of telephone

channel F.. Consequently, with the identical value of the deviation of

frequency in all telephone channels the value of noises will increase

in proportion to the square of the medium frequency of telephone

channel, what will lead to a qualitative difference in the channels -

upper channels will have smaller signal-to-noise ratio, than lower.

At the same time during the selection of the identical values of the

effective deviation of frequency Afm for all telephone channels the

threshold value of signal will prove to be different: with a gradual

change in the signal level with reception (for example, as a result of

a deterioration in the orientation of antenna) the signal will achieve

threshold value first in the lower channels, and then - in the upper.

The latter is explained by a difference in the indices of modulation

in the lower and upper channels.
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For equalization of quality of telephone channels it is necessary

on transmitter before frequency shift key to establish/install
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[ predistorting filter, with the help of which deviation of frequency is

changed is proportion to medium frequency of each telephone channel.

On the receiving side after frequency discriminator for equalizing of

the levels in different telephone channels is established/installed

compensating filter, whose frequency characteristic is opposite (it is

reverse/inverse) to the frequency characteristic of the predistorting

filter.

During determination of frequency characteristic of predistorting

filters they proceed of two conditions. One provides for the uniform

distribution of the total power of noises in different telephone

channels as far as possible. Another determines the invariability of

charging the communication system with the switched on and

- switched-off predistorting filter, i.e., the invariability of value p•,'.

At present for communication systems through ISZ frequency

characteristic of predistorting filter of MKKR is not yet determined,

since spectral distribution of total power of noises, which depends on

relationship of levels of received signal and threshold signal, is

insufficiently known. Nevertheless MKKR examined the schematic of

predistorting filter [7.2], whose attenuation b0b at frequency F of

the group spectrum is determined by the expression

b0'It + 35dB. (7.3.6)
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Here F,=1,25 F2  - resonance frequency of ducts/contours of

predistorting filter; F 2 - maximum frequency of group spectrum.

For such a filter the transfer coefficient, equal to I (boq 1=0),

is obtained at frequency F+0.55F 2 . The frequency response of the

predistorting filter, defined by the dependence of bo0 on the ratio

F/F 2 , is shown in Fig. 7.3.2.

To determine Pm and Pa with installation of a predistorting

filter in the circuit, into the denominator of expressions (7.3.2)-

(7.3.5) should be introduced factor W=|0,5Ib010, which characterizes

change of deviation of frequency due to predistortions in telephone

channel with central frequency of F,. Value bo is found from the

graph of Fig. 7.3.2 or from an analogous one taken for the filter

of predistortions.

Introduction into the group circuit of a predistorting filter

with the response in Fig. 7.3.2 will improve the signal-to-noise

ratio in the upper telephone channel to a value equal to 3 dB (W=2

times with respect to power).

Page 192.

The schematic diagram of the predistorting filter with the

response in Fig. 7.3.2 is shown in Fig. 7.3.3 and has the following

parameters with input and output resistance R0:
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0,455R,; 2i t- - = F, 1- ,25F2,

1/iRI F,P = 1,.25F,.
-C 0,455 2nt VETS

At frequency F, must be observed conditions RI<<0.0R0;

R 2 <0.01R0 . Fig. 7.3.4 shows the schematic diagram of compensating

filter, which must be established/installed after t of receiver, if

before the frequency shift key the filter, made according to diagram

7.3.3, is established/installed. Parameters of the filter shown in

Fig. 7.3.4, are as follows:

I - I.3Mc; --- =F,= I.25F2,

S_. • 2~ L =,P I, 25F,.V C, 1,3' 2n Z-

At frequency Fr satisfaction of condition Rj<O.01R0 is necessary.
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Fig. 7.3.2. Attenuation of predistorting filter.

Key: (1). dB.
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Optimum value of deviation of frequency in communication systems

through ISZ at present is not yet determined. However, taking into

accuunt the special features of these systems in comparison with radio

relay lines, it is possible to say that in the communication systems

through ISZ it is expedient to choose the value of the deviation of

frequency considerably larger than in RRL. This is connected with the

fact that basic part of the power of noises at the output of telephone

channel in the communication systems through ISZ is determined by

thermal noises, whereas in RRL more than half of the power of all

noises is determined by transient noises.



DOC = 86120412 PAGE

One should note that increase of deviation of frequency in

communication systems through ISZ in combination with negative

feedback in frequency (or with other methods, which make it possible

to reduce threshold value of signal) they make it possible to

considerably decrease power of onboard transmitter. However, the

excessive value of deviation will cause a considerable increase in the

total frequency band, which will hinder/hamper the creation of onboard

and ground-based receiver.

For some specific conditions can be taken/removed

characteristics, which determine optimum value of root-mean-square

deviation of frequency, at which at output of line of communications

will be obtained greatest valuE qm (, ). Such characteristics,

which make it possible to select the optimum value of the deviation of

frequency, they are shown in Fig. 7.3.5 [7.10). They were

taken/removed during the tests of the communication system through ISZ

"Telstar" during charging of system by noise signal with the band from

60 to 1052 kHz, equivalent to 240 telephone channels. Along the axis

of abscissas it is plotted to the ratio (in dB) of the effective

deviation of frequency Aj•p to 10 MHz. Measurements were conducted at

the frequency of 534 kHz. In Fig. 7.3.5 solid lines showed the

results of the measurements, carried out in the presence of negative

feedback in the frequency, and dotted line - with the usual frequency

discriminator. From these curvas it follows that the optimum value of

the deviation of frequency for one channel proves to be about 1 MHz.
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Fig. 7.3.3. Fig. 7.3.4.

Fig. 7.3.3. Schematic of predistorting filter.

Fig. 7.3.4. Schematic of restoring filter.
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At present still there are no recommendations of MXK& for

selection of deviation of frequency for communication systems through

ISZ. Nevertheless in MKKR was conducted the discussion of this

question [7.9, 7.11], in Fig. 7.3.6 solid lines gnve the curves,

characterizing the effective value of deviation to channel Af, without

the introduction of predistortions and width of band Af in the

dependence on a number of channels N in the communication system

through ISZ. In Fig. 7.3.6 points showed the values of the effective

deviation of frequency Aim, accepted by MKKR for RRL, which correspond

to supply to the input of telephone channel RRL of measuring sine wave

with the power of 1 mW.

Calculation of width of band Af, occupied during transmission of

S multichannel telephone signal with ChM, and effective value of
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",' deviation of frequency during transmission N of channels Afcp can be

made according to expressions:

Af =2(Afn= + F .

AfnmO Afcpn"
Af O 2If P ) (7.3.7)

e "= 1020

Entering these expressions values are determined according to

given earlier formulas and graphs. Thus, value pcp is located through

formulas (6.2.4) or (6.2.5), values F2 are given in Table 6.2.1, and

the value of peak factor K is located according to the graphs Fig.

6.2.5. During the determination of band it suffices to take the

values K, which correspond to e=0.01.

A .
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322

36- __

15 ,

48 fixAf,

Fig. 7.3.5. Results of tests during charging by noise signal,

equivalent N=240: -demodulator with OSChi, - -usual

demodulator, frequency of experimental tone 534 kHz.

S (1). dB. (2). Wz.
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Let us note that curves Af, given in Fiy. 7.3.6, are designed

upon consideration (6.2.4) - solid line and (6.2.5) - dotted line with

e=0.001.

Transient noises, which appear as a result of nonlinearity of

amplitude characteristic of group amplifiers and characteristics of

ChM modulator and frequency discriminator. The onset of transient

noises with the passage of the multichannel signal through the

® 6 nonlinear amplitude characteristics of group amplifiers, and also due
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"to the nonlinearity of the characteristics of ChM modulator and

frequency discriminator, is analogous with that examined in Section

7.2. Therefore the calculation of the level of this form of noises

can be implemented according to expressions (7.2.33)-(7.2.35).

Transient noises, whlich appear as a result of nonlinearity of

phase responses of circuits of shf/SVCh and PCh. During the analysis

of these noises we will use quasi-stationary method. This means that

the multichannel telephone signal is assumed this slowly changing

function of time that the processes of establishment do not play the

significant •.,e, in connection with which the static, and not

dynamic, frequency and phase responses of the elements of circuit can

be considered.

NN;
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Fig. 7.3.6. Dependence Al. and Af on number of channels.

Key: (1). MHz. (2). for RRL.
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We will consider that frequency and phase responses of elements,

according to which passes ChM signal, can be respectively approximated

by equations:

__.• _.•, ~ lllK ' .' Ill\

(7.3-8)
) 10O0+ *80 + 'o'' +

Here detuning in frequency 1w=Wc6., moreover w, - average angular

frequency in passband, and w average angular frequency in passband,

and wo - instantaneous value.

Let us note that expression (7.3.8) it corresponds to frequency

:, characteristic of tuned amplifier with infinite number of
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single-circuit steps/stages of amplification.

As V. A. Smirnov [7.12) showed, analysis of transient noises,

caused by nonlinearity of characteristics (7.3.8), can be

substantially simplified, if between higher frequency of spectrum of

modulating oscillations F, and passband of elements of circuit Af
condition

F2 < A ,(7.3.9)

is satisfied, but coefficients, entering resulting expressions, are so

low that value 7 is of the order 1/(2fAf)2, and coefficients tp,, -

order - -6hen these conditions and in circuit amplitude limiter
N (2xAfY'

is present, it is possible to disregard the effect of the nonlinearity
of frequency characteristic manifested the stronger, the -rf

relationship/ratio (7.3.9) accurately is fulfilled. Taking into

account the aforesaid, in accordance with [7.12], we will consider

that if to the input are given ChM oscillations, described by

expression (5.3.1), then at the output, after the passage through the

ideal limiter and the frequency discriminator, oscillations can be

recorded in the form

U..(t) = AV (t) + (t). (7.3.10)

Here A - proportionality factor, not depending on frequency and

time, e. - determines products of nonlinear distortions due to phase

response, described by expression (7.3.8), moreover

[¶eIzm 2 t (t = MC 2V3 (t) + W4 &O)3V 4 (t) + 1%AO.V5(t)]
dt

(7,3. t i)

According to (5.3.2), entering this expression value V(t) is
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initial communication/report, transmitted by communication system,

i.e., in this case multichannel telephone signal.
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From comparison of expressions (7.3.11) and (7.2.14) follows

their identity, if we assume:

a, = VAw,

as = VA ,,. (7-3.12)

Therefore during replacement of coefficients according to

(7.3.12) we have

=,(t) A -(=- 3
dt

Thus, the distortions, which appear with passage of ChM

oscillations/vibrations through the elements with the nonlinear phase

response, will be determined by derivative of value y(I), examined

in Section 7.2. In connection with this the compensation for the

nonlinearity of phase response by the nonlinearity of the

characteristics of modulators, frequency discriminator or by the

nonlinearity of the amplitude characteristics of group and video

amplifier is impossible.

For calculating transient noises, caused by nonlinearity of

phase response, let us take into account expression (nl.5.19), which

connects spectral densities of two stationary functions, one of which

is equal to time derivative of another. This will make it possible
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during calculations of noises to use the results, obtained in the

sections. 7.2. Thus, taking into account (7.3.13), on the basis

(1.5.19) we obtain

g £(Q) Q2 G. (Q). (7.3.14)

Here G (g)- energy spectrum of distortions, caused by passage

through element with nonlinear phase response, and G, (Q)is

determined by expression (7.2.26), in which coefficients a should be

replaced in accordance with (7.3.12).

As a result of substitution (7.2.26) in (7.3.14) and

conversions, analogous carried out during conclusion/output of

expressions (7.2.29)-(7.2.32), we will obtain expression for

determination psopnometrically weighted power of transient noises at

output of telephone channel, caused by nonlinearity of phase

response:

22 p :,2.(42 ix

aFP (2r. FK)% 121e2 AO.. R. e !J-P y&(r) + u nA4 ,K Y3 M +

+ 24e4AWt R yn(•)e P + M 20flAoRK e' 0 P y,(,)]. (7.3.15)

This expression is correct for point with zero relative level.

Let us find the values of coefficients ý2A2 entering expression

(7.3.15).
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For this we will consider that the modulating voltage/stress is

harmonic test signal with frequency il,
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(t) = U. sin t = t ,2PR, sin C t, (7.3.16)

U2.
moreover in accordance with (P.4.8) p. 2R_

With passage of oscillation/vibration, frequency-modulated by

harmonic signal with frequency of Q14 through elements with nonlinear

phase terminal characteristics of frequency discriminator to be

obtained oscillation/vibration with frequencies of 29w 3 , and so

forth. Designating the appropriate attr-nuation indices through b2 ,

b3 , b,, b., analogous how this was done in Section 7.2, equalizing

(7.3.12) and (nl.6.22), upon consideration (7.2.30), (7.2.31), after

conversions let us find:

28 e 2b.

-= 418 •2h. (7.3.17)
4, -2,) 2• 16 -2b,

Therefore instead of (7.3.15) we will obtain

pv= _Ixx. (2,x FX I [ e- 2b e•p y2 (q) +

+8e-2b eL p 6-(2) e, | e-2b. eUpep yl() p"+ t e 2 be1 ~cP y5 (E) 1
3py3 ()+1651

(7.3.18)

Taking into account (nl.6.15), we will obtain expressions for

determining transient noises through percentage distortions

p -%hpc • __L J1 y,(E) + 3e-P '1K2y , (E) +

+ 12e'P-P K24 yd (t) + 77e6 PcP ](52 y()], (t) iJ. (7.3.19)
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[ Let us note that expression (7.3.18) is analogous with

expression (7.2.33), and (7.3.19) it is analogous with expression

(7.2.35). However, in expressions (7.3.18) and (7.3.19) essential is

the fact that the value of the noises, caused by the nonlinearity of

phase response, is determined by the ratio of the frequency of

telephone channel .q, to the frequency of the measuring tone, with the

help of which is produced the determination of all indices of

nonlinearity in expression (7.2.18) or all percentage distortions in

expression (7.3.19). In this case the level of experimental tone must

be equal to the normal measuring level of channel.

In practice of expression (7.3.18) and (7.3.19) sometimes more

conveniently to represent in another form.
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This is connected with the fact that the coefficien:s Vi, entering in

(7.3.15), can be determined, if the characteristic cf group time lag

is known. Actually, if phase response is determined by expression

(7.3.8), then the group time lag of signal will be

LP= = +, I 2Apw + 3V3,8• + 4V,6'0 + 5 V660'. (7.3.20)
di

Here value *, determines time lag of signal r. at frequency w0,

which is midband frequency of transmission of element of circuit in

question. The graphic dependences of phase response and group time

lag, determined by expressions (7.3.8) and (7.3.20), they are shown

in Fig. 7.3.7. F_'om this figure it is possible to determine values
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(*nAw"-') entering in (7.3.20), if are known (or they are assigned) the

values of a change in the group time with the symmetrical frequency

deviation from the average/mean value for values ±tw,, and ±_a~wii It is

obvious that for obtaining the deviation of frequency, equal to ±Aa.,

to the channel must be given the measuring level, and for obtaining

the deviation of frequency +±aAw. this level must be changed in a of

times. With the substitution of these values of the deviation of

frequency in (7.3.20) in accordance with the designations in Fig.

7.3.7 we will obtain:

S(Aw.,J = 2%FAow, + 3Vs~Aw2 + 4Va1o.A + Mwcaij%
S(- A- .) = -- 2,a, +± 3%A --41po , + 5Aw 4i,(

T (a Aw.) = 2VaAw. + 3%0Aw.2 + 4Via3 Aw. + 5'Fha'Aw.4 (..
c(- a AwK) -2ta Aw, +I 31paa2A(A),-4-+,j8A(13+ 5*6otA'W4

Solving jointly these expressions, we obtain formulas g'-'en

below, which for reduction of recording we will designate through r

with index, which shows order of nonlinearity:

4a(a- 1)(7.3.22)

, -= a' Ir (Awn) + T (-- AK) - IT (a Awx) + r(- a wK)J=

6a' (a' - I)

8 a (I -- a s) (7.3.22)

lOa' ( -a-s)
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Fig. 7.3.7. Phase response and characteristic of group time lag.,
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Taking into account that maximum (peak) level of multichannel

signal, which we will consider equal to one, creates peak deviation

of frequency A&, and maximum deviation of frequency, created by sine

wave with amplitude of U. is equal to Ao A. (here Aw.=2 Wx -

effective value of deviation of frequency, created by sine wave

signal), it is possible to compose following equality:
A2n, I

Since P--" =P.=e2 where p. - level of sine wave, it is possible
2Rx

to record
S P". (7.3.23)

Substituting (7.3.23), (7.3.22) and formula (7.3.15) with value

p,,=O, let us find power of noises, caused by nonlinearity of phase

response, for point with zero relative level
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+- 2e•ep y4(t))(4 +120e+' 6p ) mW. ()7.3.25).

If power of noises is determined at point with level pw before

expression (7.3.25) it must stand factor e2P. Entering this expression

values T are determined according to the specific characteristic of

group time lag UPCh in accordance with Fig. 7.3.7 on formulas

(7.3.22).

According to expression (7.3.25) it can be solved and inverse

problem - on assigned value p, it is possible to dete-mine values

7,-r,, and then from expressions (7.3.22) to find relationship/ratio

between parameters -(_±A•)- ¶(_aA,.') and a and thus to determine

requirements for values of group time lag and for phase response of

circuit.

For calculating values r,-T, according to expression (7.3.25) it

is necessary to assign exemplary/approximate relationships/ratios

between power of noises of different order, for example, to consider

that power of noises of different order is identical, i.e.,

'- P e y2 ) 6i P y (E)'= 24,r42 e6pcp y4r e'01c4 y (7.3
(7.3.26)
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Cen be accepted other relationships/ratios. Let us note that in

the case, when phase response can be approximated by the polynomirl

of the third power, value %ý=*,=0; therefore according to (7.3 2Z.'

r,4=7=O. This considerably simplifies expression (7.3.25), which in

this case for the point with level pu can be recorded in the form

a
P• = -- ,(V[22 re 4 Pcp(t)+ 6t2e 6lcPy/, )], mW. (7.3.27).

Now for determination 7, and 7, ;.t suffices to know only

parameters (aT ) and t(-Aox)or r(aAo),) and r(-aAq.) (see Fig. 7.3.7),

changes in group time characterizing dependence on frequency,

moreover from solution of equ. (7.3.21) with iP=•,--0, let us find:

T2T(A4K) - T(- Ao)) v ~(a Awc) - v(- a Ac.)
4 4a,3 (7.3.28)

TS(AOK)+ (-A,) _ r(a&A,)+ r(-aAwo,)
6 6a,

Value a can be any number.

For evaluation/estimate of order of magnitudes of parameters r,

and 7T, in the case, when phase response is appro:x.imated by polynomial

of third power, F'q. 7.3.8 gives dependence between parameters T(AW1)

aAd r(-.A,) for upper telephone channel at transmission 60 and 600

:.r,.Is and diffecenit amount of power of noises P,. exp-'essed in pW.

Graph is constructed according to expressions (7.3.27) and (-7.3.28)

for the point with zero relative level (p,=O).
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From examination of expression, which Cetermines value of

transient noises, caused by nonlinearity of phase response, it

follows that these noise in upper telephone channels will be

considerably more than in lower. Let us note that the transient

noises, determined by the nonlinearity of the group circuit (see

expressions (7.2.33) (7.2.35) and the graphs, given in Fig.

7.2.4-7.2.7, comparatively little depend on the lozation of telephone

channel in thb group spectrum.
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Fig. 7.3.8. Relationships/ratios between -j(aco,) and -•

N=600, N=60.

Key: (). s .( pW.
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Reduction in noises in communication systems is necessary to

realize by correction of phase rbbponse. Equalization of phase

response, and consequently, and group time lag, must be realized in

the entire passband without a change in the frequency characteristic.

Therefore compensating circuits in the passband must have a

transmission factor, not depending on the frequency. As compensatino

circuits different bridge circuits most frequently are used. Usually

correction is realized at the intermediate frequency.

7.4. Transmission with KIM.
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Transmission of telephone signals in the case KIM is realized

according to diagram Fig. 7.4.1. In this diagram signals of

subscribers after coding device/equipment KY and equipment for

time-division multiplex AY proceed to modulator M. It realizes

modulation of amplitude ( Kims - AM), frequency (KIM-ChM) or phase

(KIM-FM) of the oscillations/vibrations of the transmitter, which

works at frequency f,. The modulated oscillations/vibrations on the

feeder proceed to antenna A' and are emitted in the direction of

satellite (repeater).

On satellite of oscillation/vibration Ap', are amplified by

receiver fIp and after passage of limiter Orp enter auxiliary

step/stage BC, where they are displaced in frequency, are accepted as

antenna. Then oscillations/vibrations, after the passage of

transmitter, are emitted by antenna Ap in the direction of the Earth.

Let us note that into the composition of the step/stage VS of

repeater can in a number of cases enter the system of the

regeneration of the pulses/momenta accepted, as a result of which at

the output repeater the pulse impulses/transmissions, free from the

fluctuation noises, will be obtained.

Oscillations/vibrations, emitted by antenna of repeater Ap, are
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accepted to antenna terrestrial station A" and after passage through

receiver rip and limiter proceed to demodulator, equipment for

separation of cnannels AY and decoder ".Y. From the output RY the

taken signal is supplied to the subscribers.

Principle of transmission of telephone signals examined with KIM

can be realized in the form of two variants: in the absence of pulse

regeneration in repeater and during introduction to regeneration.
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Fig. 7.4.1. Bloek diagram of transmission from KIM.

Key: (1). Retranslator.
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It is obvious that the quality of reception/procedure in the first

version will be determined by general/common effect on the signal of

the noises of repeater, and the noises of terrestrial receiver. In

this case most appropriate will be such distribution of energy
relationships/ratios in the sections of connection/communication,

during which the signal-to-noise ratio at the input of onboard
receiver will prove to be considerably more than at the input of

terrestrial receiver. This is connected with the fact that the

creation of large power under the terrestrial conditions proves to be

considerably simpler and it is more economical than under the space

conditions. This is correct for the second version. The difference

between the versions consists in the fact that in the first the more

powerful terrestrial transmitter will be required, whereas the

secondly - will be required more complicated, installed equipment of

satel'ite, which switches on the system of pulse regeneration,

0.-O _.



DOC = 86120413 PAGE All

demodulator of receiver and modulator of transmitter.

Thermal noises. For each section of connection/communication on

the basis (5.1.3) it is possible to record the following expression:

q,,W. = q.,, Pat

where index a determines the number of the section in question.

In accordance with this psophometrically weighed power of

thermal noises, in reference to point, at which measuring output

signal level is equal to 1 mW, will be

PUM =mW.

With substitution into this expression of relationships/ratios

(5.4.19) - (5.4.21) we will obtain:

with to Kims 2 2 qSXa

pun== _ _ e'- - , (7.4.1)
2qzxa

with KIM-ChM
2 2

with KIM-FM
_22

__ -_ e' ' . (7.4.3)

In all these expressions value

kTiza A taB.a (7.4.4)sx P.•k
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Page 204.

For definition of power of transmitters, established/installed

on board satellite or on Earth with given value of psophometrically

weighed power of noises Pm3a8A expressions (7.4.1)-(7.4.3) for case of

measurements by simple tone can be rewritten as:

with to Kims

Se-_- = 0,56IP..; (7.4.5)

with KIM-ChM

0e = ,4/P,,W; (7.4.6)

with KIM-FM
Sy • e• a=0,28/P..A,. (7.4.7)

Thus, knowing right side of these relationships/ratios, it is

easy to determine values q,, 8for different forms of modulation. For

convenience of the determination of value q,, Fig. 7.4.2 gives graphic

relationships/ratios qat and products V/qse"ax, which stand on the left

side of three latter/last expressions. Thus, after determining

according to the graphs Fig. 7.4.2 value q, from expression 7.4.4 it

is possible to find the power of transmitter PA.

Let us note that expressions (7.4.1) - (7.4.3) and (7.4.5) -

(7.4.7) are obtained for idealized communication system. Therefore

during calculations should be considered some other

relationships/ratios. For the communication systems with KIM-FM it i
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established [7.14), that in the case, when the probability of the

erroneous reception/procedure of the elementary

impulses/transmissions of code groups id equal p=3.10- 5 , the power of

noises at the output of telephone channel are 20000 pW, and value

q,,=8.With a change of value p, into the same number of times is

changed value q3, and power of noises in telephone channel. On the

other hand, relationship/ratio between values p and values qax they

are established by graph on fig. 5.4.1 and by expression on page 132.

On the basis of both these conditions was constructed dependence in

the form of the dotted curve in Fig. 7.4.-2, which makes more precise

the connection/communication between product qsxe"'s, and with value

q,,x for the nonidealized system KIM-FM.

For case of real system to Kims Fig. 7.4.2 gives second dotted

curve, which was determined in terms of values Tables 5.4.1.
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Fig. 7.4.2. Values e-qe-, and- q.
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Width of band Af,,.entering expresion (7.4-t-), de-terraizs mi•dmura

.. band, necessary for recpetion of signals.

With transmission of pulses/momenta in the case AM and single

FM, with which phase of modulated oscillation/vibration is changed on

18011, width of band is identical and is determined of condition for

passage of first side frequencies. Therefor'e width of band of

idealized receiver with account (6.4.3) must be not less

Ad2AF= 16,8.102 nN, Hz . (7.4.8).

i Upon consideration of instabilities of frequencies of

transmitter and heterodyne of receiver bandwidth must be

A
z;-

:-%". --••• .• .'•..•.. -.,•• - -,.- --.-.-----• • ,," •.. • .,J.,. ',,. .• • -" .• •.• 2 -,. • •k.,.• • •,-. . . .
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correspondfgy increased.

Express-ion (7.4.8) is correct for FM in the case, when upon

transfer fropu2ssing to pause phase of modulated

oscill-at ion/v"kbration is change cm 1800. For the reduction of band

in a numher of cases is used reneated (multiposition) FM,. with which

the- transmitted sequence of pulses/momenta is divided/marked off into

several groups. With twofold FK (DFM) with the equal values of a

change in the phase angle the sequence of pulses/momenta is

-divided/marked off into two independent groups, applied to the

ii _modultor along two channels,

Depending on they go along both channels impulses/transmissions,

pauses or their combination, is changed the phase angle of carrying

oscillation/vibration. The latter is clarified byTables 74.1.

As a result of applying DFM in band, on which in the case AM is

transmitted N channels, can be transmitted 2 N channels. Therefore,

thdng into account expression (7.4.5), for the case DFM we will

c -4in A Afa 8,4. 10 ,,IV,

Let us note that sometimes DFM call quadrature of phase

modulation (KFM).

W0- 0,01- U- - - - - ~- -- ~ --. . ...
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One should note that with increase in multiplicity of phase

modulation value of shift/shear of phase angle between adjacent

values is reduced, which decreases noise immunity of communication

system.
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Table 7.4.1.

Bwm nepeAa n 4Q t aya onaa

no Kaiay ocUAKa nay3a cnaya

3.mmemue ipwu He-
-cylero ROneaaHiIS 0 90W 180, 2700

Key (1). Transmission mode along channel 1. (2).

impulse/transmission. (3). pause. (4). Along channel 2. (5). Value of

carrier frequency oscillation/vibration.
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Bandwidth, occupied by signal in the case ChM with index of

modulation m=16, proves to be equal to width of bane AM of signal

[7.13]. Therefore with the indices of modulation m<16 it is possible

to consider that the necessary frequency band in the case ChM will be

the same as with AM and single FM, i.e., will be determined by

expression (7.4.8).

Noises of quantization. The power of psophometrically weighed

quantization noises at point with the zero relative level can be

found .Irrin -ixpression (5.4.4)

2, 
m. 

(

PWKS-= 3.-• n roW. (7.4.10).
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7.5. Mixed transmission modes of multichannel telephone signals.

By mixed transmission modes of multichannel telephone signals we

will understand case, when in sections of line of communications

Earth-satellite-Earth are used different forms of modulation. A

change in the methods of modulation can be stipulated on different

reasons. To the bases of them can be attributed the following: an

increase in noise immunity in the section of connection/communication

a satellite-Earth with the simultaneous decrease of the bandwidth in

the section Earth-satellite, the creation of the system, which

ensures the repeated use of a repeater for the simultaneous

transmission of the signals of several terrestrial stations or as

occasionally is referred to as this type of work, for the creation of

system with multistation access, etc.

In the first of enumerated cases, taking into account

possibility of designing of sufficiently large power in section of

connection/communication Earth-satellite, is possible use of

following versions of modulation of oscillations:

1) OBP in section Z- S and ChM in section S -Z,

2) OBP in section Z - S and KIM in section S - Z.

2
L6-N

i[ VW
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3) ChM with narrow band in section Z- S and ChM with broad band

in section S - Z,

4) ChM in section Z - S and KIM in section S - Z.

Let us note that first and third versions of modulation can be

carried out in such a way that they will not require demodulation of

oscillations on repeater. This fact is very important, since ensures

not only the simpler construction of equipment of repeater with a

simultaneous increase in its reliability, but also excludes the

possibility of the appearance of the transient noises, which will

unavoidably arise in the process of detecting of the high-frequency

oscillations, amplification of the group spectrum and its conversions

with modulation of onboard transmitter.

Page 207.

Versions 2 and 4 lead to more complicated equipment of repeater,

since they require presence on board complete complex of equipment,

which ensures obtaining KIM and corresponding modulation

devices/equipment.

Calculation of value of noises, which are obtained at output of

line of communications or calculation of power of transmitters with

given values of noises for individual sections of line is realized

according to expressions, given in previous sections of this chapter.
•,
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7.6. Noises at the output of channel.

As already mentioned, at output of telephone channel is obtained

thermal and transient noise, whose overall value must not exceed

values, determined by norvs I¶KR [MKKP - International Radio

Consultative Committee!. Therefore during calculations of systems and

lines of communications it is necessary to know the laws of the

addition of the noises, which appear in the elements of equipment of

terre-:rial stations and communication satellite.

If processes in question are statistically independent random

processes, then their average/mean values are summarized. In this

case the total power of processes is equal to the sum of power, i.e.,

-= P1. (7.6.1)

Thermal noises is example of such processes in communication

system through ISZ, since phenomena, which cause appearance of

thermal noises in onboard and ground-based devices/equipment, are

independent from each other.

In the case, when coefficient of correlation of random processes

in question is equal to one, i.e., when random processes prove to be

in accuracy repeating or differ from each other to constant factor,
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it is necessary to summarize instantaneous values of processes -

voltage/stress u or current i. Since the values of voltages/stresses

or currents during the known resistor/resistance of R can be

expressed through the power of each process Pi, the total power of the

processes examined/considered by m can be recorded in the form

par Pr'.isi: r /V]=[ (7.6.2)

Transmission witn CCC OBP. In this case during the transmission

of signal through the circuit at the output of telephone channel the

part of the noises will be determined by thermal processes, and the

part of the noises - by nonlinearity of circuit.

Since thermal and transient noises are independent, their total

power, in accordance with (7.6.1), will be determined by sum of

power.
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However, a question about the addition between themselves of the

transient noises, which will be obtained with the passage of the

signal through the series-connected amplifiers and converters of

frequency, spread from each other up to the considerable distan-e

(part on the Earth, part on ISZ), require,. more detailed examinati~on.

There is no at present comprehensive solution of this question still;

therefore further examination is approximate.
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We will consider that amplitude characteristics of amplifiers

are described by polynomial of fifth degree according to (7.2.11),

and phase shifts, introduced by amplifier, are absent. At the same

time let us assume that the phase responses of the sections of the

coupling links between the amplifiers are identical, linear in entire

operational frequencies band and are described by the expression

(p = yo + y0Q. (7.6.3)

Then during the supplying to input of first amplifier of two

harmonic oscillations with frequencies of Ea and Q0, at its output, in

accordance with (0.6.25) and (17.6.27), we obtain components with

frequencies of Q.,, Q, 20,, 2Q9; 3M,; Qa-Qc; 2 Qa-c and so forth. With the

passage of these components through one coupling link to the input of

the second amplifier, in accordance with (7.6.3), will act the

products of the nonlinear distortions of the following form:

cos (Pat + q,0 + (P,4,), (7.6.4)

cog (W¢ + yo + y1•Q), (7.6.5)

cos (2%t + % + 1229.)
cos (2At + T. + yp29.)
cos (3&t + To + %,3Q,)
cos (3Q9/t + o + ,3ag). (7.6.6)

Cos 1(• -±- Qj t + TO + • P•, - •1)1
cos [(29. ± Q• t + % + (i (2, _± QJ)
cos1(29, ± 2QJt +w+ T 1(2Q,, ± A.)'
cos1(39, ± 20Q t + 0+ y (M ± - l .

From appendix 6 it follows that components (7.6.4) and (7.6.5)

have considerably greater amplitudes than components, described
(7.6.'6).•_-•
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Let us consider now passage, enumerated components through

second amplifier with nonlinear bmplitude characteristic. With the

substitution of expressions (7.6.4)-(7.6.6) in the first (linear)

term of polynomial (7.2.11), by which is approximated the amplitude

characteristic of the second amplifier, at its output will be

obtained the components with the same combination frequencies and

phase shifts, as at the input.

Page 209.

Thus, due to the linear term of polynomial at the output of the

second amplifier will be obtained the components, described by

expressions (7.6.4)-(7.6.6).

With substitution of components (7.6.6) into nonlinear members

of polynomial (quadratic, cubic, etc.) at output we will obtain more

complicated components with new combination frequencies, which were

absent in (7.6.6). However. in the conformity (11.6.27), the

amplitudes of these components, with a small nonlinearity of

characteristics, will be small and therefore they-can be disregarded.

With tne substitution into the nonlinear members of the polynomial of

components (7.6.4) and (7.6.5) at the output of the second amplifier

we will obtain the following products of nonlinear distortions:
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Cos (29a t + 2% + (P120) )
cos (2t + 2q0 + T1 92Q)
Cos (30.at + Jpo + Y130.a)
Cos (3AŽct -d- 3(po + y131') (7.6-7)
90os [( ± f4)t + (40o ± N) + Y, (Q. _ n)6
Cos 1(29_ ± S4) t + (2ye ± yo) + 4p, (2•. 9j)Q
cos U(2QŽ ± AQ) t .- (2q0o ± 2q%) + (pi (29, 2±.A)]
cos (3Q, ± A) t + (3qo ± 2%) + q' (39, ±2Q)]

Taking into account what has been said and comparing (7.6.7) and

(7.6.6), it is possible to draw conclusion that at outp.;,L of second

amplifier will not coincide i.n phase all components, except

components with combination frequencies 2,-a-Q and - More

detailed analysis shows that at the output of element with the

nonlinear amplitude characteristic will coincide all thos; to the

product of nonlinearity, whose algebraic sum of coeffizients at the

component frequencies is equal to one. Thus, for example, for the

components given above we have respectively following algebraic sums

of the coefficients: 2-1=1; 3-2=1.

In accordance with this, with passage of oscillations through

elements of circuit with nonlinear amplitude characteristics all

products of nonlinearity can be decomposed into two groups: products

of nonlinearity, whose phases coincide at outputs of all nonlinear

elements, called products first--order nonlinearity, and second-order

products, which include all remaining products of nonlinearity.
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Let us note that, in accordance with conclusion/output, given in

examination (7.6.7), products of first-order nonlinearity can be

formed only by members of polynomial with odd degrees higher than

first. The members of polynomial with even degrees will create the

products of the nonlinearity om;y of second kind.

"Page 210.

When amplifiers do not introdvce phase shifts, but phase

response of coupling links is linear, addition of products of

first-order nonlinearity must be realized on voltage/stresc, i.e., in

accordance with (7.6.2). However, if the components/links, the

.• connectives of c-.rcuit or very elements of circuit in the range of

operating frequencies have nonlinear phase responses, the addition of

the products of first-order nonlinearity must be realized according

to the intermediate law between the addition according to the power

and the addition on the voltage/stress. On the basis of this

� examination it is possible to draw the conclusion that with the

divergence of phase response frLm the linear law the power of the

Products of first-order nonlinearity will be less than in the

presence of the addition of components on the voltage/stress. This

power for the ýase, when all elements possess identical amplitude

characteristics, and coupling links - by iMentical phase and

frequency characteristics, it can be approximately determined
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according to expression [7, 16]:

P, = m'w P1 - (7.6.8)

Here P.i - total power of products of first-order nonlinearity,

P1 - sum of pow'r of separate components of nonlinearity of first

kind, m - number of elements or components/links, and v -

coefficient, which with quadratic or cubic approximation of phase

response depending on value of total phase shift *z is determined

according to graph in Fig. 7.6.1. Value y. is located through the

expression:
IF = M 9,, (7.6.9)

where m - number of coup'ing links or nonlinear elements, each of

which introduces identical phase shift c,.
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III fJoiuo,

Fig. 7.6.1. Dependence of coefficient v on total phase shift.

Key: (1). Quadratic. (2). Cubic. (3). radian.
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Value of phase shift V with known phase response in band of

, group spectrum with cut-off frequencies F1-F, (or respectively -

is defined as follows: through point of phase response, which

corresponds to middle of passband (to frequency F.) straight line

(z-zl) is carried out in zuch a way, that at cut-off frequencies F,

and F. segments zx=z'x' would be equal, as shown in Fig. 7.6.2.

Let us note that according to (7.6.8) with v=l addition of

products of nonlinearity is realized on voltage/stress, and when

V2=1/m - according to power. Therefore on the basis of graphs, Fig.

7.6.l1,it is possible to draw the conclusion that in the case, when a

number of elements and components/links in the line of communications

is sufficiently large, then even with the low values o the addition
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of the products of nonlinearity will approach an addition in the

power. With a small number of components/links or elements so that

the addition of the products of first-order nonlinearity would

approach an addition in the power, in the communication system with

OBP, apparently, it is expedient to introduce further elements with

the phase shifts. Let us note, that in the communication systems

through ISZ with the passage by the electromagnetic vibrations of
free space phase shifts it will be variable in the time, that it is

possible to lead to a change in the laws of addition and,

consequently to a change in the value of transient noises at the

output of channel.

On the basis of given examination, counting with

approximation/approach, that all products, formed by terms relate to

by nonlinear to first-order products, on the basis (7.6.8) we can

record
P.5= m' V2 (P, + Pa). (7.6.10)

%7
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'1(F), Xf

q•z'I

Fig. 7.6.2. determination of , from phase response.
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Here Pt, - total power of nonlinear products, formed due to

members of polynomial with odd degrees. Substituting in this

expression of value P3 and P, those found from (7.2.33) or (7.2.35),

let us find the value of noises on the output of telephone channel at

point with the zero relative level

mv.3.5. ~24 eimc ys Q) e7"31 + 1920 e'01cp y,() '5' ebuIAF ow

(7.6.11)

Taking into account given analysis, which relates to products of

nonlinearity in presence of phase shifts, it is possible with

sufficient foundation to consider that products of second-order

nonlinearity, whose phases according to (7.6.6) and (7.6.7) are

changed in transit through elements with nonlinear amplitude of

characteristics, will store/add up according to power.
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Consequently, it is possible to draw conclusion that during

transmission OBP power of products of nonlinearity, determined by

members of polynomial with even degrees, is located as follows:

P.2, 4 = P, + P4. (7.6.12)

Substituting in this expression of value P2 and P, those found

from (7.2.33), we will obtain

P.2.4 4e'*cpy,(E) e , + 192e 8P-py 4 (() e-' 1  . (7.6.13)

Total power of noises at output of telephone channel during

transmission OBP will be determined by sum of thermal noises P,., and

by power of nonlinear products, formed due to members of polynomial

with even and odd degrees, i.e.,

Ps = PW + Ps2.4 + P.3.5. (7.6.14)

Here value P-, is determined by expression (7.2.6) or (7.2.8),

and value Pus,5 and Pm,' - respectively by expressions (7.6.11) and

(7.6.13).

According to expression (7.6.14) can be solved inverse problem -

in the case, if value p, is given one, after taking values P,.. P'2.4 NaJ

p,• equal to some values, according to expressions (7.2.6) or

(7.2.8), (7.6.11) and (7.6.13) it is possible to determine

approximate values of parameters of equipment. It is obvious that if
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between the amplifiers will be included/switched on the frequency

converters, which realize a transposition of the spectrum for the

frequency, equal to Q,2 then can be obtained the expressions,

analogous (7.6.6) and (7.6.7), but distinguishing in the arguments to

values g,. This will lead to the fact that the components of nonlinear

noises in the sections, divided by converters, will be summarized for

the power. During inverse transformation to the initial group

spectrum the addition of noises according to the law (7.6.14) will

occur.



DOC =86120414 PAGE , 3.
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Let us note that adopted asumptions can be examined only as

first approximation and require supplementary investigations.

Transmission with tM (ChM). With the passage through the circuit

qM (ChM) of signal at the output of telephone channel will be

obtained the noise, which consist •f the following three basic groups

of noises: thermal noises, transient noises, determined by the

nonlinearity of the amplitude characteristics of group circuit and

transient noises, cauised by the nonlinearity of the phase responses

Sof those elements of the circuic, through which are passed tM (ChM)

of oscillation/vibration.

Taking into account that thermal noises and transient noises of

both forms random processes, independent from each other, they will

be summarized for power in accordance with (7.6.1).

Let us consider question about addition of transient noises,

caused by nonlinearity of elements of group circuit and by

nonlinearity of elements of circuit of hf/VCh and PCh. It is obvious

that the total quantity of the power of the noises, caused by the

nonlinearity of the characteristics of the group amplifiers and other

elements of group circuit, can be counted according to the
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expressions, given for OBP.

Addition of noises, caused by nonlinearity of phase responses of

circuit PCh and shf/SVCh, wit? be different for even and odd degrees

of polynomial.

Nonlinear noise, determined by members of polynomial of even

orders, is determined by assymetric nature of characteristics of

group time lag. This assymetric nature is not identical for different

elements of equipment of shf/SVCh and PCh. Therefore it is possible

to consider the addition of such noises according to the power as

,O that permitted.

Passing to examination of noises, caused by members of

polynomial of odd order, it is possible to draw conclusion that in

different elements of circuit, in such cases, when there is no

compensation for nonuniformity of characteristics of group time lac,

can appear identical distortions of characteristics.

In this case transient noise, caused by nonlinearity of odd

orders, will store/add up on voltage/stress.

In such cases, when in circuit PCh or shf/SVCh

nonlinearity-correcting circuits of phase responses are utilized,
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both overcompensation of nonlinearity and its undercompensation can

occur. It is obvious that under these conditions for distortion they

will carry not systematic character and therefore the additior of the

nonlinear noises of odd order can be conducted according to the

power.

In communication systems through ISZ, unconditionally, elements

of correction of phase responses of separate amplifiers PCh and

shf/SVCh will be introduced. From the aforesaid it follows that in

such systems the noises, caused by the nonlinearity of all orders in

the circuits of shf/SVCh and PCh, to admissibly summarize by the

power.
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Transmission with KHM (KIM). In the case KIM total noise at the

output of telephone channel is determined by thermal noises and

quantization noises. Taking into account the statistical independence

of these noises, it is possible to draw the conclusion that the

addition of them must be realized according to the power.

Consequently, for this case ,=Pua+PP,.sx.

Here power of thermal noises can be determined according to

expressions (7.4.1)-(7.4.4) for two sections of line of

communications in the absence of pulse regeneration on board or for

one su..ction, if pulse regeneration is realized. The power of
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quantization noises is determined according to expression (7.4.10).

7.7. Comparison of different methods of the transmission of telephone

signals according to the energy indices.

in order to have representation about fundamental energy

relationships/ratios, inherent in different methods of transmission

of telephone signals, let us lead calculation of power of onboard and

terrestrial transmitters with values of parameters, given in Table

7.7.1.

Let us note that computed values accepted in table of

amplification of onboard antennas must be less than their maximum

amplification due to inaccuracy in orientation relative to direction

to terrestrial stations.

Weakening signal with passage from that transmitting to

receiving antenna can be found from expression (3.2.5). During

calculations let us take the worst case - sediments/residues with an

intensity of 1 mm/h occur on both terrestrial points/items. Then from

the graph/curve Fig. 3.2.5 we find losses due to wet protective hood

of antenna %,=2.o dB. According to Fig. 3.2.3 we have: at the

frequency of 4 GHz value 8,a-,0-3 dB/km, and at the frequency of 6 GHz

- 6,M2. 10-3 dB/km. During calculations we will count the thickness of
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rain clouds 1=3 km. un curved A, given in fig. 3.2.1, at the

frequency of 4 GHz we will obtain Bý, (90)=0.03 dB, and at the

frequency of 6 GHz -B;. (90)=0o.035 dB. From Table 3.2.1 for the angle

of elevation of 3=10* we find a=5.5. Keeping in mind the enumerated

values after their substitution into expression (3.2.5) and

computations, we will obtain:

- weakening signal in the section satellite - Earth

Be = 199 dB; (7.7.)

- weakening signal in the section the Earth - the satellite

B., 202.5 dB. (7.7.2)
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Table 7.7.'..

- flMMuma(C

I Bcorra cnynwxa HaA notsepxmocmio 3eimui I 36 000
2 Yroni aaaiuweHR P= 10,

3 flponnKeHHoeThyqacmxa cnyirum-3emnui HaH 3em-
JJR-*CUYTHHK npH = 10' a cooneTc-BMH c (2.2.4) L =40 600 ~~

4 Li-w xw~e~aHHA (Annma Brmwu) Ha ytacmxe 0C 4e4(,c)
3emJan-crymaKc 0C ý5 m

cnyrHHK-3emr. '1000 Mq(7,5 cm)

6 1mamerp aemHoex aCHJeHHC 2eHI nes6boIe m~

Hua 61 a6)
8 MOK~axcmi1nb yc~ieMM 3emHoft npnemHoA allrelHub 58 04
9 Pac'qmHoe )cnaewe 6opma~oft nepewmoiuef all~eHui 14 0W

10 Pacienmo ycizmemce 6opTowft rnpHemHoR aireHUn 17 056
* 1 Kru 4wmepoB nepe~avun~oB n "O =0,7

v#12 KnA 4MAepa 3emHoro np~eumHica ~ 019
13 KnAitm Hepa 6oprrosora npHe-MHHica 0,7

14 oTepH B 6OTOU q4k1fIDI)Jd Dp~ema H nepeAwi b4H bn =~ u1. 2
15 flo~epit 8 3emHux itwJvpa2r FSPHema H nepeAaqx b~n b.~,p = 0 ( 1

16 nozepu sa cqer summurnocm nonspm~awu~i - OTCyTCTBYIOT( c)

17 Ifyuoaast Temnepazypa 3euHoro npneiwHHX T =50-K
18 lllymoaas Temnepazypa 6opranoro ripHeiwloa T=7W0K
19 CyumapHoc 3HateHme ncooomerpI~4ecxH maewienuoft

muiiO)ocTH UIymoB H Bb1xoAe amIoSro TeieC~)oH~rO Ka-
mmaA Totme c Hy~e~le.m OTHOCHreJqbHkM YP0aBeM flpH 00

ycpeJweHHH 38 qac 10 000 nolO4)
20 93 iH~x -renJIonhie Usymu Ha yqacTme cnyTHKK-3em. Q0 e

21 143 HHx Twfao8B1e wy~mB Ha y'4acmxe 3emaa-cnyT- 10

32 143 HK TenJoehe uwymu B cJnyqae KI4M c pereiiepa-
twelk HmnyjibcoB Ha ctyrinKe Hia yqac'rxe CnyTHNK-

3emaq unt 3eaH-cymK9000 nom0

26 IlacOra aepxwer Kamm ajia 2540ci q(Z"r)

27 Bbarpmw 6 BePXHem icaimm 3a ctie' npeAwcxaN(cEemm W -* 3 0G
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Key: (a). No pp. (b). Parameter. (c). Value. (1). Height/altitude of

satellite above surface of Earth. (2). Angle of elevation. (3).

Extent of section satellite - Earth or Earth - satellite at 9=10U in

accordance with (2.2.4). (4). Frequency (wavelength) in section Earth

- satellite. (4a). MHz. (5). Frequency (wavelength) in section

satellite - Earth. (6). Diameter of terrestrial antennas. (7).

Maximum amplification terrestrial of transmitting antenna. (7a). dB.

(8). Maximum amplification of terrestrial receiving antenna. (9).

Calculated amplification of onboard transmitting antenna. (10).

Calculated amplification of onboard receiving antenna. (11).

Efficiency of feeders of transmitters. (12). Efficiency of feeder of

terrestrial receiver. (13). Efficiency of feeder of onboard receiver.

(14). Losses in onboard filters of reception and transmission. (15).

Losses in ground filters of reception and transmission. (16). Losses

due to ellipticity of polarization. (16a). they are absent. (17).

Noise temperature of terrestrial receiver. (18). Noise temperature of

onboard receiver, (19). Total value of psophometrically weighted

power of noises at output of any telephone channel at point with zero

relative level with averaging per hour. (19a). pW. (20). From them

thermal noises in section satellite - Earth. (21). From them thermal

noises in section Earth - satellite. (22). From them thermal noises

in the case KIM with pulse regeneration on satellite in section

satellite - Earth or Earth - satellite. (23). Number of channels.

(24). Average/mean power coefficient of multichannel signal in
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accordance with (6.2.4), (24a). dbm. (24b). mW. (25). Peak factor of

multichannel signal (Fig. 6.2.5). (26). Frequency of u-•per c{hannel.

(26a). kHz. (27). Gain in upper channel due to predistortions,
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Total weakening of signal between transmitter and receiver -or

each section of connection/communication can be obtained on the basis

of expression (3.1.4). Taking znto account data of Table 7.7.1. and

the preceding/previous expressions, we find the total weakenings of

the sections of the connection/communication:

- for the section satellite - Earth

SBa2 = 129.3 dB; (7.7.3)

- for the section the Earth - the satellite

B02 - 127,8 dB; (7.7.4)

- without protective hood of weakening will comprise:

B1 Z=127,2 dB (5.3.101 2 once); (7.7.5)

E031=125.7 dB (3.7.1012 once); (7.7.6)

Let us pass to the calculation of the total noise temperature of

receivers. The noise temperature of filters can be found after the

determination of transmission factor. It is obvious that the

transmission factor M and weakening b filters are connected with
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relationship/ratio b=l/M. Therefore in accordance with (4.2.23) and

the data of fable 7.7.1 we will obtain:

- the noise temperature of the onboard filters

(7.7.7)

- the noise temperature of the filters of the terrestrial

equ ipmenit
1. = 9°K. (7.7.8)

Noise temperature of feeders can be designed analogously. The

noise temperature, created by protective hood of the antenna of
ground-based receiver, can be determined according to the

graphs/curves, given in Fig. 4.4.2. Assuming/setting x=O-'0.i mm, we

"will obtain

T,: = 30°K. (7.7.9)

Tamperature, caused by cosmic noises at frequencies of 4 kHz and

6 GHz, in accordance with Fig. 4.3.2, comprises less than I°K and can

be disregarded. The temperature of the atmosphere at these

frequencies according to Fig. 4.3.2 at A=10* will comprise

T, az 15-K. (7.7.10)

During calculation of temperature of onboard receiver we will

consider that temperature of Earth comprises

ST, = 290°K. (7.7.11)
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Since working amplification of on-board receiving antenna is 17

dB (50 times), we will consider that maximum amplification is 19 dB

----------------------- WU
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'80 times); then according to (3.3.16) width of radiation pattern

according to half power will be

(7.7.12)

Taking into account that according to Fig. 2.2.2 angle, at which

Earth is visible from satellite

2y 17', (7.7.13)

in accordanca with (4,3.14) after transition/junction to solid angles

let us find that noise temperature of Earth, in reference to antenna

of satellite, will comprise

T,= 186°K. (7.7.14)

Keeping in mind given values and data of Table 7.7.1, according

to (4.1.1) let us find total noise of temperatures, in reference to

input of receivers.

For terrestrial receiver with protective hood

Tr' = 1340K. (7.7.15).

For terrestrial receiver without protective hood

Tbu 100°K. (7.7. 16

For onboard receiver

T36 10000K. (7.7.17).

Comparing (7.7.3) with (7.7.5) and (7.7.15) with (7.7.16), it is

possible to see that installation of radome will lead to considerable

increases in power of onboard transmitter. Therefore subsequently let

us take, that protective hood is absent.
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Calculation with 011 (OBP), can be carried out in accordance

with expression (7..2.9). Substituting in this expression of the

values, determined by Table 7.7.1 and expressions (7.7.5) and

(7.7.6), (7.7.16) and (7.7.17) we will obtain:

P,= 40 W, (7.7.18)

N Pa= 1700 W, (7.7.19)

The peak values of the power of transmitter according to

(7.2.10) and Fig. 6.2.5 with e=0.001 must be:

P,6= -400 W, (7.7.20)

P,,nN, = 17 kW. (7.7.21)

Bandwidth, necessary for transmission of 600 telephone

conversations, is determined from Table 6.2.1 and is

A F = 2480 kHz. (7.7.22)
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Calculation with qM (ChM) can be carried out according to

expression (7.3.5). During calculations should be utilized Fig. 7.3.6

and data, given in Table 7.7.1, and expression (7.7.5), (7.7.6),
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(7.7.16) and (7.7.17). In the case of predistortions (equal to 3 dB

for upper telephone channel) and in the absence of negative feedback,

the power of onboard transmihter must be not less

pd 15 W. (7.7.23)

During application of negative feedback in frequency in

accordance with (5.3.29) supplementary gain is obtained. Therefore

the power of onboard transmitter can be lowered to the value

P6=6 W. (7.7.24)

Power of terrestrial transmitter

P,= 1200 W. (7.7.25)

In the case of applying OSCh this power can be lowered to 450 W.

Bandwidth, occupied by transmission of 600 telephone

conversations in designed parameters of systems, is determined

according to Fig. 7.3.6 and expression (7.3.7):

Af=40 MHz. (7.7.26)

Utilizing obtained values, one should ascertain that relation of

power of signal and noise exceeds threshold value.

Calculation with KHM (KIM) is performed accordingly expressions
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(7.4.1)-(7.4.4). With N=600 and a number of pulses/momenta in word

n=5 width of band

A= 5 MHz. (7.7.27)

For case, when pulse regeneration on satellite is not used, in

accordance with expressions indicated during use of data of Table

7.7.1 and dotted curves, Fig. 7.4.2, let us find:

with KIM-A\M

P.= 18 W, (7.7.28)

w I Pu., 200 W; (7.7.29)
with KIM-FM

Po =9.5 W, (7.7.30)

P,,, = 115 W; (7.7.31)
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Calculations related to case, when KIM is realized by signals of

subscribers, i.e., successive transmission of signals of subscribers

is utilized. During the use of equipment for the frequency division

multiplex of channels with the subsequent conversion of the group

spectrum in KIM, in accordance with expressions (6.4.3) and (6.4.5),

occurs an increase of the frequency oand 1.05 times. Consequently, •
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with this method of construction of equipment for multiplexing 1.05

tfitIBs the power of each transmitter will increase.

It must be noted that application of pulse regeneration on board

satellite will lead to reduction in power of transmitters, which will

be more considerable for terrestrial transmitter, since according to

lable 7.7.1 power capacity of noises in section Earth - satellite in

pulse regeneration can be considerably increased.

Calculations, given in accordance with data of Table 7.7.1 show

that in pulse regeneration in the case to KDM-Athey will be required

power:

Ps= 17 W,

PU, = 85 W.
Comparison of these values with values, determined (7.7.28) and

(7.7.29), shows that introduction of very complicated installed

equipment, which ensures pulse regeneration on satellite, does not

lead to considerable reduction in power of transmitters.

Conclusions/outputs. On the basis of the comparison of the power

of the onboard and terrestrial transmitters, designed for different

cases of modulation of oscillations, it is possible to do the
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following conclusions:

Vith ChM and KIM-AM are necessary the approximately identical

frequency bands, and the power of onboard transmitters in the case

KIM prove to be somewhat greater. During the use KIM and the

successive transmission of telephone conversations is required the

somewhat smaller power of transmitters, than in the case of the

preliminary frequency division multiplex of telephone channels.

However, this change in the power of transmitters is so unessential

(approximately 1.05 times), that there must not be determining.

0

Application of OBP with frequency division multiplex of

telephone channels leads to essential reduction of required band of

frequencies (more than ten times). However, in this case are

necessary considerably more powerful transmitters than in the case

ChM or KIM. It is necessary to also have in mind that in the case OBP

the transmitters must have very large linearity of amplitude

characteristic; this will lead to a considerable increase in the

rating of tubes and their poor use. Therefore the application of OBP

is expedient only in the section the Earth - satellite and only in

such cases, when the sharp reduction of the occupied frequency band

is the decisive factor.

Page 220.
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7.8. Effect of the Doppler effect.

In gection 3.5 it was noted that in the various forms of

modulation Doppler effect will lead to change not only in carrier

frequency adopted, but also change in frequencies of transmitted

signal (to strain of spectrum of signal) in l+v/c, times.

Consequently, at the output of detector frequency shift F, which is

located in the group spectrum with cut-off frequencies of F , and F2

(F,1 F•F 2 ), will comprise

8- F - (7.8.1)
Ce

Since for normal work of equipment for frequency division

S multiplexing frequency spread at points of transmission and reception

must not exceed 2 Hz, in accordance with (7.8.1), we will obtain

condition, which determines maximum frequency of group spectrum

Ft 2,o.o 1 Hz. (7.8.2)

Thus, Doppler effect will unavoidably impose specific

limitations on number of transmitted channels during construction of

equipment of multiplexing accepted. At the same time the Doppler

effect will limit the possibilities of the secondary multiplexing of

telephone channels by telegraph and phototelegraphic signals.

For correction of change in frequencies, caused by Doppler

effect, introduction to automatic frequency correction of generator
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equipment, utilized in equipment for frequency division multiplex, is

possible. However, this path requires the considerable

treatment/processing of the existing equipment.

Another possible method of frequency drift compensation consists

in the fact that at terrestrial stations in circuit of signal

device/equipment with adjustable time lag switched on. The
corresponding adjustment of time lag can be carried out per program,

which considers changes in the coordinates of satellite, or automatic

on the pilot signal, transmitted from the terrestrial station to the

satellite and back.

Let us note that in communication systems with use of stationary

ISZ Doppler effect is absent. In connection with this in the zystems

with stationary ISZ is simplified equipment and the operation.
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7.9. Effect of time lag and echo signals.

Large extent of line of communications between terrestrial

stations and repeater, which is located on board ISZ, leads to delay

(time lag) of signals, since for passage of distance L(m) to signal

is required time
-- !-- , (7.9.1)

of C.
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where c,=3.10r m/s - speed of light, and H - distance from satellite

to surface of Earth. Hence follows that during the motion of

satellite along the orbits with a height/altitude of 36000 km, and

consequently, and in the case of stationary satellite, the value of

time lag will be about 250 ms. With the duplex telephone

conversations signal lag leads to the appearance of the forced pauses

in the conversation between the subscribers, impedes the supply of

replicas and questions, which breaks the naturalness of the

conversation of subscribers. In connection with this MKKTT [(KKTT -

International Telegraph and Telephone Consultative Committee] he

recommends so that the maximum time lag of signal (group time of the

emission of the signal) would not exceed 250 ms.

On extended lines of communications at the same time will occur

time lag of echo-signals, which can arise upon transfer from

four-wire circuits to twin-lead (see Fig. 1.1.5).

Echo-signals will be developed in the form of crosstalk by

subscriber of their conversation (signal), delayed to period t,,, equal

to doubled time of emission of the signal between subscribers. Thus,

taking into account (7.9.1)
2L 411S=7.9.2)
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Consequently, in the case of communication systems, which use

satellites, which move along orbits with height/altitude about 36000

km, or stationary satellites value t,.50oo ms. With the long time lag

the echo-signals become perceptible and they interfere with the calls

between the subscribers.

Results of investigations of the distinctness of echo signals,

carried out for Japanese speech by method of subjective-statistical

appraisal/review, are given in Fig. 7.9.1 [7.15]. The curve A

determines the relationship/ratio between the delay time and this

average/mean attenuation of echo-signal with respect to the

fundamental signal, with which the echo is noticeable, curve B

corresponds to the attenuation, with which echo level is permitted.

The shaded zones determine the spread of readings/indications of

subjective appraisal/review. Using curve B, taking into account the

scatter of readings/indications, it is possible to determine the

necessary value of the average/mean attenuation of echo-signals b,

(dB) on the line of communications.

For communication system, which uses stationary ISZ, in

accordance with Fig. 7.9.1, it is necessary to ensure attenuation of

echo-signals to value, equal to approximately 60 dB.
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With work of communication systems, which use moving/driving

ISZ, it will have value of inconstancy of time lag.
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For combatting echo-signals in subscribers echo suppressors,

which for echo-signals introduce necessary attenuation, must be

established/installed. According to the operating principle the echo

suppressors can be decomposed into two groups: momentary effect and

constant action. The specific attenuation in the very short period

introduces the echo suppressor of momentary effect into return

circuit of signal. The echo suppressor of constant action introduces

• into return circuit of signal the attenuation, which gradually

increases from zero and which reaches or exceeds the value,

sufficient for the suppression of echo-signal.

Schematic of echo suppressor of momentary effect is shown in

Fig. 7.9.2. From the diagram it follows that the echo suppressor

consists of the amplifier Y, connected in parallel to the circuit of

reception/procedure, and the flip-flop circuit Onp (Opr), during

functioning of which into the circuit of transmission is introduced

attenuation b. In the absence of speaking currents the circuit of

transmission is connected to the differential system without the

supplementary attenuation. Amplifier Y is regulated so, in order to

tN
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* in the absence of speaking currents the trap/barrier did not operate

from noises in the circuit of reception/procedure, but it would

operate/wear only from the speech input currents of amplifier Y.
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a IM 2W 300 450 .5W 10
spepia jimfjl018anuD . ocex(PI

Fig. 7.9.1. Necessary weakening of echo-signals depending on time

lag.

Key: (1). Echo attenuation,... dB. (2). Time lag, ms.

Fig. 7.9.2. Schematic of echo suppressor.

Key: (1). Transmission. (2). Threshold- 6dB. (3). Reception.
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Essential deficiency in this echo suppresGor - false response

with increase in noise level in receiving circuit. An increase in the

protection from bag with r.e&uction in the sensitivity of

trap/barrier, leads to decrease in the articulation, since are caused

the cutting of separate sounds or "swallowing" of sounds and
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syllables.

Somewhat best schematic of ec?,(" suppre, 7 or is shown in Fig.

7.9.3. In this diagram in the &sIsence of spvaklng currencs tha

circuit of reception/procf(dJii is included/switzhed on, and the

circuit of transmission is included/switchea o;,. Upon the appearance

of speaking currents o- this subscriber the flip-flop circuit

includes the circuit of transmission and turns off/disconnecs the

circuit of reception/procedure, in this case, sihce in the circuit of

transmission the noise level is less than in the circuit of

reception/procedure, this diagiam possesses the best protection from

the noise, than preceding/previous.

Deficiency in diagram in Fig. 7.9.3 in the fact tha speaking

currents from circuit of reception/procedure through differnrtial

system can fall into circuit of transmission. This can cause,

functioning of trap/barrier and lead to a break in the circuit of

reception, i.e., to interruption of conversation. This phenomenon due

to the large dynamic range of speech can be repeated periodically and

is called the phenomenon of "flutter". For eliminating "flutter" are

utilized the more compound circuits of echo suppressors, which

include the elements of blocking.

Are interesting echo suppressors with use of distinguishing
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device/equipment (PY), which makes it possible to distinguish voice

signals and noises. The construction of echo suppressors PY is shown

in Fig. 7.9.4. In this diagram the distinguishing device/equipment

operates/wears only from the speaking currents and does not react to

the noises. In the presence in circuit of the reception/procedure of

speaking currents with the help of PY and the controlled amplifier YY

the circuit of transmission is cut off. Let us note that in this

schematic of echo suppressors the interruption of subscriber (supply

of replicas) is feasible only in the pauses between the words of that

speaking, if these pauses exceed approximately 100 ms. This diagram

does not allow/assume simultaneous contrary conversation.

Let us pause at principle of operation PY. It is based on what

if the spectrum of voice signal is divided into m of equal frequency

bands, then the instantaneous power of voice signal, at least, in two

of these bands are not equal to each other, since the spectral

density of speech is not identical. On the contrary, fluctuation

noise has uniform spectral density; therefore the power of

fluctuation noise in the equal frequency bands will be identical.
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Fig. 7.9.3. Schematic of improved echo suppressor.

* Key: (1). Transmission. (2). Threshold-(dB. (3).

Reception/procedure.

4.

"Fig. 7.9.4. Schematic of echo suppressor with distinguishing

device/equipment.

Key: (1). Transmission. (2). Reception.
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Thus, after dividing oscillation spectrum by filters on several

identical frequency bands and after comparing between themselves

output potentials of square law detectors, switched on after these

filters, it is possible to distinguish voice signals from fluctuation

noises.

Principles of construction of echo suppressors examined make it

possible to formulate following requirements for them:
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- subscribers must not note work of echo suppressor,

- sensitivity of echo suppressor must be such that would not cut

themselves beginnings of syllables and not "were swallowed" separate

sounds and syllables,

- echo suppressors must not operate/wear from noises.

7.10. Switching satellites.

-In systems, which use moving/driving ISZ for guaranteeing long

continuous bond, it is necessary to realize switching antennas of

ground stations from one communication satellite to another, which is

clarified by Fig. 1.1.3. One should note that at the moment of

switching an abrupt change of the value of signal lag in the time can

occur, since the extent of routes with the work through different

satellites can prove to be different.

Calculations show that disagreement in time lag will hardly

exceed 40 ms in limits of sufficiently wide altitude range of orbits.

Disagreement in time lag to 20 ms must not cause

disturbances/breakdowns during transmission of telephone

conversations, since these switr'iings are sufficiently rare. However,

in the case of the secondary multiplexing of telephone channel by the

telegraph signals of switching they will lead to the errors. With the

--- %
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work of wirephoto the disagreement in the time lag in 20 ms will

cause considerable distortions.

Aforesaid pertains to communication systems, which use frequency

division multiplex of channels and ChM. During the transmission of

television program the disagreement in the time can lead to the

disruption/separation of synchronization and, consequently, to tho

disturbances/breakdowns of transmission. The disturbances/breakdowns

of transmission and appearance of errors during the switching it will

occur in the case of applying KIM.

Let us note that disagreement in time can be compensated by

special devices/equipment, which control time lag in circuit, These

-devices/equipment must be included in the circuit of the

reception/procedure of terrestrial station.
Page 225.
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Chapter 8.

TRANSMISSION OF TV SIGNALS OVER COMMUNICATION LINKS.

8.1. Electrical characteristics of channels.

Electrical characteristics and norms, establinhed/installed for

communication channels, by which must be transmitted video signals,

are determined by recommendations of MKKR [International Radio

Consultative Committee]. As the hypothetical standard circuit during

the transmission of the signals of black and white television through

ISZ was accepted the communications link Earth-satellite-Earth (see

Fig. 7.1.1, [8.1, 8.2]), which includes one pair of modulators and

demodulators.

In connection with the fact that expenditures for installation

and operation of communication systems through ISZ depend

substantially on necessary band of videc spectrum, in recommendations

of MKKR nominal upper limit of band of video signal is

established/installed equal to F2 =5 MYHz to the same value of 5 MHz it

is accepted equal equivalent noise bandwidth.

One should note that corrected value of width of band of video

spectrum reletes to transmission of signals of black and white image.

Width of video spectrum, necessary for transmission of colored of

I .• . . .. *
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p television of image, in recommendations of MKKR has not yet been

determined. In this connection it is possible to note that during the

transmission of colored television image along the system SEKAM-3

between Moscow and Paris through the communication satellite Molniya-l

was obtained the completely satisfactory quality of colored

transmissions. 'he band of the video frequencie-s, transmitted through

ISZ Molniya-1 in the regime/corditions of television it was

effectively 5 MHz (see Section 10.5 and 11.3 and Table 11.4.1).

Taking into account that norm to signal-to-noise ratio in

intercontinental airlines of communications through ISZ must be

compared with analogous norm, accepted for switched continental

circuits of MKKR, it was recommended:
4

- Watio of signal to continuous fluctuation weighed noise at

output of standard hypothetical circuit must comprise, at least, 55 dB

for 99% of time.

Page 227.

In this case ratio of signal to continuous fluctuation noise is

defined as ratio (in dB) of spread/scope of picture skgnal without

synchronizing pu.ses to effective noise voltage in band from 10 kHz to

upper nominal band edge of video frequencies F,. The limitation of

band from the side of low frequencies makes it possible to exclude the

background of power supplies and microphonic noises from the

measurements.



DOC = 86120415 PAGE ,

In measurement of signal-to-noise ratio is implied application of

instrument with "effective time constant" or "time of integration" for

power, equal to 1 s, and also filter of lower frequencies and weighing

circuit, whose diagrams are given respectively in Fig. 8.1.1 and

8.1.2. Data of elements of filter of low frequencies and its
attenuation are cited in Tables 8.1.1 and 8.1.2, respectively [8.3,

8.4) in the form of dependences on higher frequency of video signal.

Let us pause now at other requirements for channel, intended for

transmission of video signals.

Overall line attenuation of hypothetical standard circuit during

transmission of TV signals according to recommendation of MKKR must be

in limits 0±1 of dB.
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Fig. 8.1.1. Fig. 8.1.2.

Fig. 8.1.1. Schematic of the filter of low frequencies.

Key.- (I). ohm.

Fig. 8.1.2. Diagram of weighing circuit: L=75r, gH, C=(7/15)10', pF;

for zone television with resolution into 625 rows, T=0.33 us.

Key: (1). ohm.
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Table 8.1.1.

seMemftu SMa~k AN"d~ 40 ~ a

I 14,38/Ps 497,6/Fs 1, 88161F,

2 7,673/Fs 2723/FP 1,1011/Fs

3"" 8,600/Fs 1950/F, 1,2290/Fs
4 2139/F,

5 2815/F,
6 2315/Fs

7 1297/Fs

Value F, this table gives in MHz.

Key: (1). The reference number of the element of network. (2).

Inductance AH. (3). Capacity/capacitance pF. (4). Frequency of

resonance MHz.
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Checking frequency and phase responses of circuit for compliance

to demands of MKKR is realized with the aid of test signals Nos. 1 and

2 [8.2, 8.4] (see Fig. 8.1.3 and 8.1.4).

Test signal No 1 is sequence of square pulses with duration of I0

ms (at frame frequency, equal to 50 Hz), of following with porosity,

equal to one. these pulses/momenta have spread/scope, equal to

spread/scope of video signal, and transmit simultaneously with

synchronizing and extinguishing pulses/momenta. With measurement on

the oscilloscope face is superimposed the transparent stencil, on

which it is plotted/applied to Fig. 8.1.3. In transit through the

circuit of test signal No.1 image on the oscilloscope face must be

established so that it would not exceed the limits of Fig. 8.1.3,
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-/ plotted/applied on the transparent stencil, where the points which

correspond to half the spread of the pulse coincide with points M1 and

M2 , while the middles of the horizontal sections coincided with points

A and B, respectively. In this case the shape of the signal at the

output should be within the limits of the cross-hatched part of the

stencil (Fig. 8.1.3). Thus, the slope of the horizontal part of the

test signal should not exceed +10%.
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Table 8.1.2.

0,98 0,1 1,04 14,8

0,99 0,5 1,05 18,8
1,00 1,8 1,06 23,0
1,01 4,2 1,07 27,7

1,02 7,3 1,08 33,3

1,03 10,9 1,09 41,0

Key: (1). dB.

~7 /77-- -- I

-5 J I'

Fig. 8.1.3. Test signal No. 1 and stencil (it is shaded).

Key: (1). 250 us. (2). 10 ms.
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During transmission through systems with number of rows, equal to

625 test signals No. 2, shown in Fig. 8.1.4a, pulse apex, reproduced on

output of line, must be within the limits of shaded part of image on

stencil, i.e., inclination/slope of horizontal part must not be more

S~than ±5-5% of spread/scope of picture signal (see Fig. 8.1.4b). Image

on the oscilloscope face must be established analogously of said in
the description Fig. 8.1.3. Test signal No. 2 is utilized also for
checking the transient response in the region of higher frequencies. t
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a) /

'---b " -

Fg.8... )est s2, b) s i (t -s s--+M r+14 4

s (5.0 4 (6) DUNG3uAZWd~ 915/1f0/ A

~Fig. 8.1.4. a) test signal No.2, b) stencil (it is shaded).

Key: (1). White level. (2). Black level. (3). N or k.()
Ls . (5). 0.4 N. (6). V.
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In this case rise time 7 of the signal (see Fig. 8.1.4a) for the

systems with a number of rows, equal to 625, must comprise: in the
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at the output of the circuit, designed for the transmission of TV

signal with the resolution into 625 rows and a higher frequency of 5

MHz, the front of the observed pulse/momentum must not exceed the

limits of image on the stencil, which is given in Fig. 8.1.5. In this

case the pulse/momentum on the oscillograph is established/installed

so that the middle of its front would coincide with point M (Fig.

8.1.5), and the sections of pulse/momentum, which correspond to the

levels of black and white, they would coincide with the sections B and

A in Fig. 8.1.5 respectively. If pulse/momentum in the sections B and

A has overshoots, then their peak values must be established/installed

4-I

symmetrically relative to B and A. As already mentioned; Fig. 8.1.5

was intended for the systems with a number of rows 625 with the value

of F2=5 MHz. With a number of rows 625 and value F2 =6 MHz to the

stencil must be applied the image, given in Fig. 8.1.6.

An number of cases, except given norms for distortion of

pulses/momenta, amplitude-frequency characteristic (AChKh) and

"characteristic, which determines permissible change in time lag AT,

can be useful. Stencils for such characteristics, recommended by

MKKR, are given in Fig. 8.1.7.
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ON

+ 7 e-+-9.,25

I -o,5

Fig. 8.1.5. Stencil of transient response with F2 =5 MHz.

Key: (1). As.
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Determination of nonlinear distortions, introduced by circuit

during transmission of interval of row, is realized by test signal No.

3, Fig. 8.1.8a. Of this signal the section of the image of each

fourth row consists of the sine wave with a frequency of 0.2 F2 (F2 -

the maximum frequency of video signal) with a spread/scope of 0.1 V,

superimposed to the signal of saw-tooth for.n. In the measurements of

three intermediate row in the transmitting end/lead they

establish/install at the level of black or at the level white.

Nonlinear distortions are determined after isolation/liberation

of sine wave at point of reception/procedure with the aid of band-pass

filter. In the presence of nonlinear distortions the envelope of sine
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wave will take the form, shown in Fig. 8.1.8b. Y'onlinear distortions

are computed according to expression U(I -)100% where m and M -

values of the ordinates of signal amplitude envelope (see Fig.

8.1.8b), and according to the recommendation of MKKR must not exceed

20%.
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0 A t

-- - -0.5 -0,4 -#,z o 0,2 (4 41 48 to /fly r Q

Fig. 8.1.6. Stencil of transient response with F ý=6 M-..

Key: (1). as.

.3
2 Nj

Fig. 8.1.7. Stencil of amplitude-frequency characteristic

(attenuation) and characteristic of group time lag.

Key: (1). to AChKh. (2). A7, gs. (3). Frequency standard.
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Let us note that sine-quadratic pulses are very convenient form

of test signal. These pulses have a form, described by equation

U(t)=sina22Fxt, shown in Fig. 8.1.9a. The spectral characteristic of



DOC =86120415 PAGE ±

this pulbe/momentum (Fig. 8.1.9b) is descr'bed by the expression

K . ~A(F) .:i ki +p4~F] 81

From Fig. 8.1.9b it follows that sine-quadratic pulse has

sufficiently sharply limited spectrum, that advantage of such

pulses/momenta of the fact that in sufficiently simple electronic

circuits they are formed with high accuracy, facilitates visual

evaluation/estimate of its distortions.

.|

i-

I
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aft) A 411

UuI C~tDId UiNI2Af42I

Key: (1). V.l(2). Si t Igde

r i

8.1.1 [8.6.1 agites th curves. , whic chaaerize, the rielatinse.Fjg. 8.1.9. a) sine quadratic pulse/momentum, b) spectral
characteristic.

Key: (1). Relative amplitude.
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With passage of sine-quadrat'c pulses along communications link

with insufficient bandwidth their relative hei'ht/altitude

(spread/scope) and relative width (duration) will change. Fig.

8.1.10 [8.6) gives the curves, which characterize the relations of
spreae'scope (curve a) and d.uration (curve b) of sine-quadratic
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pulses, at the output and at the input of the perfect filter of low

frequencies with the limited band. The pulse duration at the input is

equal to 0.17 (scale A), 0.1 (scale B) and 0.05 ,ts (scale C); on these

scales the cutoff frequencies 4IHq are indicated.

During tests pulse duration usually is selected
I _!

F1 1F . (8.1.2)

In recommendations of MK1KR, which relate to communication systems

through ISZ, requirements for channel of sound tracking of television

program are not specified. In conneztion with this it is appropriate

to give requirements for the long-distance circuit of the I class,

organized along the radio relay or cable lines for the transmission of

broadcast programs [8.5J:

- the reproducible frequency band: 50-10' Hz with the

nonuniformity of the frequency characteristic, calculated relative to

the frequer'y of 800 Hz, ±1.74 dB in the band 0.2-6 kHz;

- root-mean-square coefficient of the harmonics: at frequencies

to 100 Hz - not more than 2%, at frequencies it is more than 100 Hz -

not more than 1-2*;

I ratio of signal to the background not less than 55 dB;I -ratio of signal to the interference not less than 63 dB;

- ratio of signal to the distinct transient interference 74 dB. .- -
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4~19

Fig. 8.1.10. Parameters cf pulses/momenta at different frequency

band.

Key: Wi. Aspect ratio %.(2)o Relative duration. (3). MHz.

(4). Cutoff frequency.
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,• 8.2. Transmission of one sideband (OBP).

Relation of power of unweighted thermal noise and signal at

output of line of communications with OBP can be determined according

to expression (7.2.3), if value AF is considered equal to width of

band of TV signal, i.e.,

Taking into account that lower cut-off frequency of TV signal F,

is considerably lower than upper cut-off frequency F., it is possible

to count

A F = F--F, (8.-.2)

4C-@--
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Since in reconmendations of MKKR, given in Section 7.1, for TV

signal is normalized ratio of spread/scope of picture signal to

effective noise voltage, it is necessary to conduct appropriate

conversions of expression (8.2.1).

Understanding by U. effective value of noise voltage, it is

possible to record

= U2.= (8.2.3)

Since the actual voltage of the signal
U_ Up

U, =U (8.2-4)

we will find

C =(.2.5

4R -'

From expression (8.2.3) and (8.2.5) it follows

-U2 
(8.2.

Substituting (8.2.5) and (8.2.2) in (8.2.1) and introducing

visometric coefficient e, which determines decrease of power of noises

rn transit through weighing circuit, we will obtain

(E. 3. kP, f TM8z, _23,•8,g_ (8.2.7)
up ) 411 L- Pý, + -P.;-J

Let us note that frequency characteristic of weighing circuit

corresponds to sensitivity of eye to perception of noises. Let us

find the va'je of coefficient e for the weighing circuit, Fig. 8.1.2.

Attenuation characteristic of this circuit at the frequency S1=2irF is

determined by the relation
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U + - ,. (8.2.8)

Here U. and U, - respectively voltage on input and output of

circuit.
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Designating ratio L/R=r, we will obtain value of weighting

function:

O. 1 = - 1 i•!L 4 -- (8.2.9)IU, I •+4•,n F, O,

If on input of weighing circuit oscillations/vibrations (or

noises) with spectral power density of G(F) act, then visually

* received power is determined by expression [8.6]

P. = G(F) 0 (F)dF. (8.2.10)

Coefficient, which characterizes decrease of power of noises in

transit thrcough weighing circuit, is defined as ratio of

visual-received power to power of noises at input of filter

i. ~ G(F) (D(F) dF

POX Fs (8.2.11)

is 0(F) dF

If on input of weighing circuit fluctuation noise with uniform

spectrum acts, spectral power density in numerator and denominator of

latter/last expression can be carried out to integral sign, as a
;-SA92
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result of which

D D (F ) d F 

( - - 2

With substitution (8.2.9), as a result of integration, we will

obtain

are tg2n FT-arctg2 FiE (82.3
2n? (Ft - F1)

4 Assuming/setting F,=5 MHz, F1,=0, r=0.33 gs, we will obtain

e=O, 148 (- 85 AS~). (8.2.14)

with substitution (8.2.14) in (8.2.7) with values of k=1.38-10-23

J/deg, F,=5-10' Hz, we will obtain

LU2 2,6. 10- [ TZI6 BEI I rT3 8E2  (8.2-15)

Is here marked Pu(x)=Pax; - peak power of transmitter OBP.

Page 236.

TJthe relation, which stands on the left side of equality

(8.2.15), is assigned for each section of the line of comimunications,

then it is possible to find the power of the transmitters

Px = 2,6. 10-"T, B, (5LU (8.2.16)

Indices, which determine sections of connection/commnunication, in

latter/last expression are omitted for generality of recording. The

recording of indices can carried out in accordance with (8.2.15). L~et '



DOC 86120415 PAGE U W.?

us note that the peak power of transmitter is determined by expression

(8.2.16).

Bandwidth on SHF with OEP is equal to width of spectrum of video

signal, i.e. will be

AM=AF= 5 M1tL. (8.2.17)

8.3. Transmission with the frequency modulation.

Tn accordance with (5.5.6) and (5.3.13)

Pu F2 r ABB, ITZ6  AB 2 T 3 1].3.)
&3A I - + P 6 J. (8.,

Here value z.-, and Af,, and Af, determine maximum value of
A fa- -

deviation of frequency respectively in section Earth-satellite and

Satellite-Earth.

Considering that on the left side of equality (8.3.1) stands

relation of effective power, and also taking into account that

Afa=v6AF and Af 3 =v 3,AF, we will obtain

(U_, ) kAFAP [TZ.Bz, TzsBE2] (8.3.2)

Passing from effective value of video voltage to peak

spread/scope of signal, should be considered equality

U = UP (8.3.3)
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Deviation of frequency Af4 proportional to half of spread/scope

of picture signal, and spread/scope changes in frequency Afp,

determined by TV signal, are connected as follows (see Fig. 6.1.1):

Af =O,7A . (8.3.4)

2
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Substituting (8.3.3) and (8.3.4) in (8.3.2) after conversions and

introduction of coefficient em, that considers noise transmission

through weighing filter, we will obtain expression, which determines

square of ratio of effective value of noise voltage to spread/scope of

voltage of TV signal

(z ( - $F ) F [TZ6BDI + 153 321 (35% / •kTh) L•P-• + --- ] %M" (8.3.5

In this of expression AF it is replaced by value F2 , since

AF=F 2 -F1 ;F 2, if F1 =•0.

Let us determine value of coefficient eP, .Witb the frequency

modulation in accordance with (5.3.9) the spectral noise density is

proportional to thi square of frequency.

Consequently, in expression (8.2.11) it is possible to consider

that

G(F) = aP. (8.3.6)

With substitution in (8.2.11) expressions (8.3.6) and (8.2.9)

with F,=0 we will obtain
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•- 3 (2a Fs €-r- arc tg 2a F2 t)

i , =ar. ( 8 .3 . 7 )

Assuming/setting F2=5 MHz; r=0.33 gs, let us find

0, =0o0234 (- 1",3 . (8.3.8)

Substituting in (8.3.5) value e,4 from (8.3.8) and accepting

k=1.38-10- 2 3 J/deg; F,=5 MHz, let us find

U,\2 = _3. 10- ' 1 TO/ B1  TL3 BZ2  (8.3.9)Lr- = 3 I l--) [ 62 + -n;-

In this expression value Afp (in MHz) determines spread/scope of

change in frequency, caused by transmission of TV signal (from white

level to apexes/vertexes of timing pulses).

According to expression (8.3.9), knowing assigned relation
u_ for each section of line of communications, it is possible to

find power of terrestrial and onboard transmitters:

P = 3.10-'U (-i-) ! (-..-L)' TzoBz1 , (8.3.10)
\ f 1), UM U,, ]A

P. = 3.10-"(-17 - )' (%2-- ) T B=2 . (8.3.11)

Here Ahpt and A62  - spread/scope of change in frequency (in MHz),

of called party by transmission of TV signal respectively for section

of connection/communication Earth-satellite and satellite - Earth (in

MHz).

Width of spectrum in the case of ChM can be determined according
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to approximation formula:

A -- A, f S ecnu A fp> 2F, (8.3.12)Af -(3+4)F3, ecki Afp-F, J

Y(ey: (1). if.
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8.4. Transmission with UIM

Let us examine transmission of TV signal for case to Kims.

In accordance with (5.5.6) and (5.4.19), in the absence of pulse

regeneration on board satellite and measurements with visometric

filter (to weighing circuit), with coefficient e, let us find

P C -- , . ( 8 .4 .1I)
2 2- 2q•F•' eT

Here:

98a * (8.4.2)

q -T- Pais (8.4.3)

We convert expression (8.4.1) in accordance with norms of MKKR,

which determine ratio of effective value of noises to spread/scope of

picture signal. Taking into account (8.2.6) and (8.2.14), let us find

2U .10- + --

During calculations on expressions (8.4.5) we enter as follows:
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,• after determination according to expressions (8.4.2) or (8.4.3) value

q,, value q,,e°'az can be determined according to graphs/curves for

idealized or real values (see Fig. 7.4.2).

For determining power of onboard or terrestrial transmitter we

convert expression (8.4.5), considering relation (--) u,• 2 as given one

for each section. In this case

Oq-- = 2.102( 2 W. (8.4.6)

After computations on (8.4.6) value q.. we find through idealized

or real curve (see Fig. 7.4.2), and then, in terms of known velue qB,

we determine power of transmitters in accordance with expressions

(8.4.2) and (8.4.3).

In the case of KIM-FM analogous (with 8.4.1) we have

P 'S (Sa (8.4.7)

After substitution in (8.4.7) expressions (8.2.6) we will obtain

-u" S [- V 2  + eq• eX, (8.4.8)
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For determining the power of transmitters we will obtain

-'q '= 10-2 - (8.4.9)
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Utilizing results of calculation according to expression (8.4.9),

with the aid of curves (see Fig. 7.4.2) are determined values qat. and

then through expressions (8.4.2) or (8.4.3) power of transmitters are

located.

Bandwidth with to Kims in accordance with (5.4.8) will comprise

A f ý- 2 A Fn. (8.4.10)

Here AF - bandwidth, occupied by TV signal, and n - number of

pulses per in word. The research has shown [8.7] that the

reproduction of television image was acknowledged good on 64 and 128

levels of quantization, i.e., with value of n=6 even 7. In this case

the clearness of the boundaries, which correspond to the adjacent

levels, into which is divided/marked off television image on the

brightness in the case of KIM, can be substantially lowered during the

addition to the video signal before the quantization of white noise.

This is explained by the fact that during the introduction of the

white noise of the boundary of quantization it will be divided/marked

off according to the random law.

We will point out that selection of levels of quantization during

transmission of television image details, those differing somewhat

from each other in brightness. Therefore a number of levels of

quantization must be determined by Weber-Fechner's law, i.e., on the

logarithmic scale they must be uniform.
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8.5. Comparison different of the methods of the transmission of TV

signals according to the energy indices.

For estimating energy relationships during transmission of TV

si nals calculation of power of onboard and terrestrial transmitters

with values of parameters, given in Tables 7.7.1 and 8.5.1, is given

below.

In accordance with calculations, led in Section 7.7, for antennas

without protective hoods we have:

- weakenings of signal in sections of connection/communication

B012 =127,2 dB (5.3.1012 times), (8.5.1)

B011 = 125,7 dB (3.7-10 1 2 times); (8.5.2)

- noise temperatures of terrestrial and onboard receivers

T1,3= 100K, (8.b.3)
To = 1000'K. (8.5.4)
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Calculation with OB11. In accordance with expression (8.2.16) and data

of Table 8.5.1 we will obtain the peak values of the power of the

transmitters:

Pn6(x)=& W; P., ()=14 kW.

Frequency band, occupied in this case, will be equal to width of

! A
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; band of TV signal, i.e.,

SAf= A F = 5 MHz.

Calculation with ChM. Calculation can be carried out with the

substitution of data of Table 8.5.1 and values of (8.5.1)-(8.5.4) into

formulas (8.3.10) and (8.3.11). During the computations we will

consider that the band, occupied during the transmission =50 MHz.

Therefore in accordance with (8.3.12) we obtain

Afp =Af -50 MHz.

In this case

P1 2,6 W; (8.5.5)

P., 74 W. (8&5.6)

Let us note that obtained value Po will cr:eate at input of

terrestrial receiver signal, close to threshold, therefore, if in this

receiver measures for reduction in threshold value of signal (for

example, will not be introduced negative feedback in frequency) will

not be accepted, value P.o for confident work it must be increased

2.5-3 times.

Comparatively low power of transmitters is caused by large gain,

which is obtained with selected spread/scope of change in frequency.
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Table 8.5.1.

1+18 Cu. ra6a. 7.7.1(•) Cu. Tadn. 7.7.1- ®
19 Onromeme pa3•laxa c odpwaxemHx•Xae- .-

TuSmomy s3aqepwo Hanpmew • enpepuBHro TOM- \ +-5
20ro wwiaemerGwyma 96% Hpemenw ula Buxo- 'A2.1lpa2Ae m~eoxatm•a (6)

21 T eoiwu ay'iacr'Ce 3emas-cnyTHu 2
(1,6.m 10 9)

SMBaKC a.s.U qacS m mpeUM,, (t0) FS = 5 M34 (u)

Key: (1). No. (2). Parameter. (3). Value. (4). See Table

7.7.1. (5). Ratio of spread/scope of picture signal to effective

valu,. of voltage/stress of continuous thermal weighed noise for 99% of

time on output of video channel. (6). dB. (7). times. (8). The

: same relation in section satellite -- Earth. (9). The same relation

in section Earth - satellite. (20). Maximum frequency of video
signal. (11). F,=5 M~z.

Page 241

If the occupied frequency band for any reasons cannot be more than 20

M~z, then the spread/scope of change in the frequency with the

frequency modulation must be lowered to the value

At;= 15 MHz.

In this case:

P = 22 W,

Pa, 630 W
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- th the obtained values of the power of transmitters and the

band of receiver, equal to 20 MHz, the value of signal will

considerably exceed threshold value.

Calculation with KIMS-AM. In accordance with the data of Table 8.5.1

and expressions (8.4.9), (8.4.2) and (8.4.3) we will obtain:

Pd= 15 W,

P's = 126 w

In this case the bandwidth according to (8.4.-0) in the case of

six pulses/momenta in word

A f= 2.5.6 = 60 MHz.

Conclusions/outputs. comparing obtained values, it is possible

to note that with identical occupied frequency band application of ChM

leads to somewhat smaller power, than KIM. Use of OBP, although it

makes it possible to considerably shorten the frequency band,

nevertheless causes a considerable increase in the power of onboard

and terrestrial transmitters.

8.6. Effect of the Doppler effect, time lag and switching of

satellites.

Change in the frequency and st5'ain of frequency spectrtum, caused by

the Doppler effect and examined in Section 3.5, during the
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transmission of television image and sonic tracking prove to be

unessential. This is confirmed by different experiments, carried out

with the communication systems through the satellites. A certain

adjustment of the Doppler effec can be required only during the

transmission of colored image.

Signal lag during transmission of television programs does not

have value in such a case, when signals of sonic tracking and image

delay approximately equally.

Switching from one moving/driving satellite to another can lead

to loss of part of information. The latter is explained by the

possible disruption of the work of timing mechanism during the

(* switching, which can cause the loss of several fields of image.

Furthermore. a change in signal lag during the switching can somewhat

destroy the itinuity of sonic tracking.

Page 242.

Since the period between the switchings in the real systems will

exceed 30 min, disturbance/breakdown in the transmission of video- and

sound signals, apparently, they will prove to be not very noticeable.

8.7. On the reception/procedure of television program through ISZ

directly to the mass receivers.

Luring evaluation/estimate of communication system, which makes
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it possible to carry out reception of television program with ISZ

directly to mass receivers, which are located in population, one

should proceed from conditions, under which cost/value of terrestrial

receivers and antenna systems will bg minimum. This means that in

this system can be examined ornly such conditions of

reception/procedure, with which can be used the simplest motionless

terrestrial antennas, which make it possible to carry out regular

reception of television programs with ISZ, at least, for several hours

in a 24 hour period.

Solution of this question is possible only with work through

stationary ISZ or through ISZ, which move at large distances from

Earth along circular or elliptic orbits. Therefore subsequently,

during the evaluation/estimate of the indices of this system, we will

consider that it can be realized with the orbits by height/altitude

about 40000 !un, accepted for the calculations in Section 8.5.

Reception of television programs with ISZ directly to mass

receivers can be realized in following frequency bands, diverted for

telecast

1 range ... of 47-68 MHz

2 range ... of 87.5-100 MHz

3 range ... of 174-230 MHz

4 range ... of 470-662 MHz

5 range ... of 662-960 MHz

6 range ... of 11.7-12.7 MHz.
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Taking into account curves of Fig. 4.3.2, it is possible to say

that as a result of a considerable increase in the cosmic noises the

first three ranges for the use in this system are unsuitable. On the

other hand, from the calculations, carried out in Section 8.5 for the

frequencies of 4000 MHz, it follows that with the considerable

sizes/dimensions of terrestrial antennas (with the amplification

approximately 60 dB) for the transmission and reception of television

program the receivers with a small inherent noise level are required.

Taking into account that the indices of mass receivers and antennas

will be considerably worse than accepted during these calculations, it

is obvious that the work in the sixth range (11.7-12.7 MHz) will

O• require the extremely large power of the onboard transmitters, which

it will difficultly realize in the next years.

Page 243.

Let us conduct the evaluation/estimate of the power of onboard

transmitter during the transmission of television program with ISZ

directly to the mass receivers to 4 and the 5th ranges (470-968 MHz).

In this case we will consider that the frequency modulation of

oscillations is realized. This means that in the calculations to

admissibly consider only thermal noises it is possible not to consider

the man-made interferences.

It is obvious that in accordance with expression (3.2.2) upon

transfer into this range of sizes of losses in free space will change
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°. into number of times, proportional to square of change in frequency.

Thus, attenuation, in comparison with the calculation, given in

Section 7.7, used in Section 8.5, decreases approximately 70 times

upon transfer for the frequency of 470 MHz, and approximately 17 times

upon transfer for the frequency of 958 MHz, i.e. to 18.5 and 12 dB

respectively.

If we consider that the reception/procedure of emissions with ISZ

is conducted on the multielement antenna with the amplification 8-10

dB (instead of 58 dB, accepted during calculations in Section 8.5),

and the value of receiver noise with the input device on tunnel diodes

composes 500*K (instead of 50*K, accepted for the calculations in the

gection 8.5), then we will obtain that the power of onboard

transmitter upon transfer into the range 470 MHz must be increased on

- 18.5+50+10=41.5 dB. Upon transfer into the range 958 MHz this

increase will compose - 12+50+10=48 dB.

Allowing/assuming reduction in signal-to-noise ratio at output by

10 dB in comparison with norms of MKKR for communication systems and

taking into account (8.5.5), it is possible to say that even with ChM

at frequencies of 470 MHz and 958 MHz will be required onboard

transmitters by power about 3.7 kW and 16 kW respectively. These

values are obtained during the amplification of the onboard

transmitting antennas 14 dB (see Table 7.7.1). If the amplification

of onboard antennas will be increased to 30 dB, the power of onboard

transmitters must be approximately 0.09 kW and 0.4 kW respectively.
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SIt must be notted that with the antennas with this amplification the

territory, operated by one ISZ, somewhat decreases. Let us note also

that the creation of onboai~d antenna with the amplification 30 dB at

the frequency of 470 MHz is hindered/hampered as a result of its large

sizes/dimensions.

on the basis of given tentative calculations it is possible to

consider that from technical side direct reception of TV signals from-

satellite can prove to be possible. However, during the construction

of this system together with the technical side should be considered a

whole series of organizational positions. To them should be related

such questions, as the difference of standard time, which will

hinder/hamper the composition of the common television program,

Ssimultaneously transmitted to the large terr'itory, a difference in the

languages, the need for the conversion of television standards in the

mass receivers of different countries, etc.-The enumerated

difficulties considerably complicate the creation of a similar system.

these difficulties even more greatly thei will increase, if we

consider the existing pool of the individual television receivers, for

work of which in the system of the direct reception of transmissions

with ISZ will be required the creation of special attachments

(low-noise amplifiers, the switches of standards, antennas, etc.).

In connection with enumerated difficulties, apparently, is more

advisable reception of emissions with ISZ to collective terrestrial

relay receivers. In this case it is much easier to solve the
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enumerated above questions, and appear the following advantages:

- possibility of use in section satellite - Earth optimum for

space communications frequencies independent of ranges, in which will

occur reception to mass receivers.

- Coordination of schedule of international transmissions with

schedule of local and national broadcasting.

- Possibility of use in section satellite - Earth of

interference-free forms of modulation and any transformations of

signals, which ensure improvement of noise immunity of reception and

contraction of occupied frequency band.

P- ossibility of decreasing interferences with ground-based radio

services from emissions from sateliite. This is caused by the fact

that with the collective reception at the terrestrial stations it is

possible to use the more directional antennas, the low-noise

amplifiers, that it will make it possible to reduce the power of

onboard transmitter.

-ecrease of power, weight, sizes and simplification in

construction/design of onboard transmitter and devices/equipment of

feed. This leads to an increase in the reliability, it makes it

possible to enforce the redundancy of equipment and to increase the

period of its service.

An example of a similar system is system the orbit, realized in
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the USSR to 504 ~anniversary of the great October Socialist

Revolution. -The description of system orbit given in Section 10.5.
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Page 245.

Chapter 9.

Joint use of frequency bands by communication systems through ISZ wit,

other ground-based radio facilities.

9.1. Initial information.

Up to onset of communication systems through ISZ frequency band

from 3 to 8 GHz, which is most advisable (see Sectio-r 4.3), it was

already distributed between different radio services. Therefore for

the communication systems through ISZ in this range it proved to be

possible to isolate only the separate frequency bands in essence on

the base of joint use, since the displacement/movement of the radio

aids operating at present into other frequency bands is extremely

difficult over the technical and economic reasons.

Joint use of frequency band by several radio services leads to

interferences and some limitations of those parameters of radio aids,

on which depends interference level. To such parameters can be

referred the radiated power, the angles of elevation of antennas,

direction of routes, distance between Those radio stations, which can

create and receive undesirable radio transmissions, etc.

Examination of interferences showed that joint operation in

general/common band of frequencies of communication systems through
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ISZ and radio relay lines of sight (RRL) from technical side can be

realized most sin.ply. With the coincidence of frequencies not with

RRL, but with some other iervices, which have the transmitters of

larger power, highly sensitive receivers or changing radiation zones,

considerable difficulties appear.

Therefore at extreme administrative conference of radio

communication (ChAYCR) in 1963 for communication systems through ISZ

frequer-y bands, which coincide in were isolated essence with

frequency bands, diverted for radio relay lines, which are placed in

category of fixed/recorded services. The enumeration of the frequency

bands, isolated for the communication systems through ISZ, is given in

Appendix 3.

" Page 346.

Fig. 9.1.1 gives the diagram of the onset of the interfering signals

(interferences) between the ground radio-relay stations and the

communication system through ISZ. From this diagram it follows that

the interferences can be broken into four groups:

A. Interferences from the ground stations with the receivers of

terrestrial stations.

B. Interferences from ground stations with receivers of onboard

stations.

w2 -Aw
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C. Interferences from terrestrial stations with receivers of

ground stations.

J•. Interferences from the onboard stations with the receivers of

ground stations.

Certainly, besides enumerated forms of interferences, there can

be another, for example, interferences between different communication

systems, which use ISZ, interferences between several radio relay

lines, etc.

During analysis of interfering signals it is necessary to keep in

mind the fact that their level is not time-constant. This is

explained by the follc'ding reasons: by change in the time of the

value of.attenuation of the interfering signal during its propagation

along the surface of the Earth, by the transit of satellite in the

space, and also by the motion of the antenna of the terrestrial

station, directed in the side of satellite.

In connection with the fact that at input of receivers

interfering signal levels are variable, changes in time and ratio of

useful signal to interfering signal at output of system. In

accordance with this within ISZ the values of this relation for

different percentages of the total time of the reception of signals

are established by the recommendations of MKKR for the communication

systems.
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Fig. 9.1.1. Diagram of onset of interfeiing signals.

Key: (1). ISZ of the communication system. (2). Receiving. (3).

Before. (4). Ground station. (5). Terrestrial station of system of

ISZ.

Page 247.

According to the recommendation of MKKR [9.1) the communication

systems through ISZ, using frequency bands together with RRL, must be

designed so that the power of the noise, created by all transmitters

of RRL, at the point of the zero relative level of any telephone

channel of the fundamental standard circuit of the communication

system through ISZ would not exceed:

- 1000 pW of the psophometrically increased average/mean power in

any hour,

- 1000 pW of the psophometrically weighted mean power in one

minute during more than 20% of time of any month,

- 50,000 pW of the psophometrically weighted mean power in one
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minute during more than 0.03% of time of any month.

These values must be part of total quantity of noises, given in

Section 7.1.

Taking into account that psophometric measurements with respect

to unweighted noises give decrease of power of noises on 2.5 dB, on

the basis of given recommendation it is possible to obtain following

ratios of power of ( :perimental tone to power of unweighted noises at

point with zero relative level for any telephone channel, which musc

not be exceeded:

- in any hour - Q,3=57,5 DBO,

- during is more than 20t time of any month - Qw=57,5 DBO,

- during is mere than 0.03* time of any month - Qo=40.5 DBO.

For RRL, frequencies, as communication system working in the same

bands through ISZ, is analogous recommendation; power of noises,

caused by operation of terrestrial stations and communication

satellites at point with relative zero level of any telephone channel

of hypothetical standard circuit of RRL, by length of 2500 km, there

must not exceed following values:

- 1000 pW of psophometrically weighted mean power in any hour,
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- 1000 pW of psophometrically weighted mean power during are more

than 20% of time of any month,

- 50,000 pW of psophometrically- weighted mean power in minute

during are more than 0.01% of time of any month.

Let us note that given values can be expressed in the form of

ratio of power of test signal to unweighted power of noise analogous

how it is given above for communication systems through ISZ.

Fig. q.l.2 gives norms taking into account p.;ophometric weighing

of noises, recoiimnended by MKXR [9.1) to the maximum permissible sound

i• levels in telephone channel of hypothetical standard circuits,

established/instal~ed for communication systems through ISZ and for

RRL.

(
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-- • Fig. 9.1.2. Maxim~um permissible sound levsý-s in telephone channel of

-- I_

communication systems through ISZ and RRL.

Key: (1). pW. (2). dBT. (3). Systems with ISZ. (4). Time of

any month.

Page 248.

On the basis Fig. 9.1.2 it is possible to determine the values of the

noises, caused by the joint use of a frequency band for those

percentages of the time of any month, which are located between the

points described earlier.

For guaranteeing corrected values of noises of MKKR were accepted

following recommendations to amount of radiated power:

1. For decreasing the interferences with the communication

systems through ISZ it is recommended so that maximum power,

effectively emitted antenna of RRL, would not exceed 55 dBW, and the

power of transmitter at the input of this antenna would be not more
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Q than 13 dBW.

2. In connection with',, the fact that communication systems

through stationary ISZ will be irradiated by PRL continuously on fixed

levels, for their protection from these emissions more rigid

recommendations are proviaed for: norm 55 dBW relates only to that

newly projected RRL, whose antennas are directed to region, distant

behind orbit of stationary satellites more than on 20. If antennas of

RRL are oriented into the part of the space, which is within the

limits of less than 0.5* from the orbit of stationary satellites, the

power, emitted by RRL, must not exceed 47 dBW. With a change of

orienting the antennas of PRL within the limits from 0.5 to 1.50 from

the direction in orbit of stationary satellites the recommendation to

• the permissible radiated power is determined on the linear dependence

in the limits from 47 to 55 dBW respectively.

So that values of nioises, recommended for RRL, would not be

exceeded, MKKR were developed recommendation, to which for

communication systems through ISZ are limited power, emitted by

terrestrial stations, and densities of power flux, created by onboard

stations. These recommendations [9.1, 9.2, 9.171 are the following:

1. In the frequency bands from 1 to 10 GHz, which are together

utilized by communication systems through ISZ and RRL, the maximum

* value of the density of power flux on the surface of the Earth.,

created by the transmissions of the space stations of the

'I
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communication systems through ISZ under all conditions and with
methods of modiulation, must not exceed values 4=--152+ - dBW/m 2 in

15

any band 4 kHz. Here value 8 determinies the angle of arrival of

oscillations/vibrations at the surface of the Earth, calculated off

the horizontal plane. It is implied that the limitation of the

density of power flux indicated on the surface of the Earth must be

made during calculations of attenuation between the antennas under the

conditions, analogous to tree space.

Page 249.

2. Virtual rating, emitted by terrestrial station in horizontal

plane in any direction taking into account screening constant of

teirain by obstruction, which limits p.. (see Table 9.2.1) in any band

"with width of 4 kHz, must not exceed +55 dBW, with exception of

following two cases:

- if in certain direction distance from terrestrial station to

boundary of territory of another administration exceeds 400 km, then

limit, equal to +55 dPW in any band 4 kHz, can be in this direction

increased on 2 dB for every 100 km of distance, which exceed 400 km;

- limit can be increased by agreement between interested and

affected Administrations.

However, in these two cases power coefficient there must not

exceed .value of +65 dBW in any frequency band with width of 4 kHz.
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3. Transmitting antennas of terrestrial stations must not emit

electromagneti: energy at angles of increase of less than 30, measured

from horizontal plane to central axis of major lobe of antenna. Can

be exception/elimination only those cases, which are coordinated

between the interested or affected Administrations.

Let us note that in given recommendations is emphasized the fact

that radiated power or density of power flux must not exceed values

indicated in any frequency band, equal to 4 kHz. This means that in

any section of the emitted frequency spectrum in the presence or in

absence of modulation, the amount of radiated power must satisfy the

valucs indicated. In order to satisfy this condition, in the systems

4 with ChM in the absence of modulation (i.e. with the zero or with the

time-constant modulating voltage/stress) it is necessary to use

special diagrams or methcds, which ensure scattering (dispersion)

power at the carrier frequency along the spectrum. If in the

communication system with ChM special measures for the dispersion of

carrier output are not taken, then for fulfilling the requirement

given above on all possible levels of the modulating voltage/stress

(including with its equality to zero) will be required sharp reduction

in the radiated power.

In recommendation of MKKR [D.1] is noted that for communication

systems through ISZ, which work in ranges 3.4-4.2 GHz and 5.8-6.425

GHz, in tho case of emitting uniform and wide sDectrum selection of
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the carrier frequencies makes no difference. But if in the

communication systems through ISZ weak loading (for example, the

decrease of a number of transmitted telephone conversations) is

utilized by ChM, it is possible, and even desirable to then select the

carrier frequencies so that they either would coincide with the

carrier frequencies of RRL or they would be shifted relative to the

carrier frequencies of RRL the value of the highest frequency of the

group spectrum.
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",% Table 9.2.1.

wIi 1 M &Ae Y MeVA~y 4'i0°ul)I° M -MA2Y ) 30 it 4'I 6oneneC3),

Be, 06 0 10 17 23 125

Key: (1). Between. (2). and. (3). and more. (4). dB.

Page 250.

Possibility of joint use of frequencies by two concrete/specific

stations depends on following factors:

- tolerance level of interfering signal P.... in telephone either

television channel at output of system of communications, assigned for

different percentages time of observations, or from permissible for

O different percentages time of observations of ratio of power of

fundamental (useful) signal Pcxwx to power of interfering signal at

output of channel of communication

Q .(Pe) ;(9-1-11Pa'

- permissible relation of power of fundamental and interfering

signal at input of receiver for different percentages of time of

observations

Q~- (p),(9.1.2)
- power of transmitter of fundamental and interfering signal

Pa, PUN;

- total attenuation of signal between output of transmitter of

3 4f
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* fundamental signal and input of receiver Ba (taking into account

effective amplification by receiving and transmitting antennas in

direction of propagation of fundamental signal and duration for time

of observations);

- total attenuation of signal between output of transmitter of

interfering signal and input of receiver Bz. (taking into account

amplification of receiving and transmitting antenna in direction of

propagation of interfering signal and duration);

- coefficient of attenuating interference (KOP) - K, which

depends on special features of joint passage of fundamental and

interfering signal through receiver and can be determined in the form,

of relation

S Q8. (9.1.3)QzX

Let us note that value x is determined by form of modulation of

fundamental and interfering signal, by detuning between carrier

frequencies of fundamental and interfering signal, special features of

these signals (by parameters of telephone or TV signals, by form of

multiplexing), by selectivity of receiver, etc. Value K can

substantially change near the threshold value of signal. Therefore

subsequently will always count

Q,, •qt op > 1, (9.1.4)

where qinnop is determined the ratio of the power of threshold signal

to the power of the thermal noises of receiver. During calculations
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of power capacity of the interfering signal should be taken the

smallest value of value K, since precisely thits value will correspond

to the worse/worst conditions.

Page 251.

Let us agree by indices "0" to designate values, expressed in dB

or dBW. Then, in accordance with the previously introduced

designations, it is possible to record the following expression for

determining the relation of received signal to the nterfering on the

output of the system of communications

O. = QO. + -xO = p --Bo,--(POf.-Bo,,) + io- (9i1.5)

In this expression B0, and Bo0. it is determined in accordance

with (3.1.2) or (3.1.4), and values Pon and Ponm are power of

S. transmitters, expressed in dBW. Value B0O depends both on propagation

conditions and on a change of orienting the antennas, which radiates

and which receives the interfering signal. For the interferences of

group A and C (see Fig. 9.1.1) this change in the orientation is

caused by the displacement of the antenna radiation pattern of

terrestrial station in the space (with the tracking the motion of

satellite) relative to the antenna radiation pattern fixed in the

space of ground station. For interferences B and A, besides a cnange

of orienting by onboard receiving and transmitting the antennas

relative to ground stations, it is necessary to consider change in the

distance between the ground stations and ISZ. For the interferences

groups A and C of the distance between the stations in question are

rdP% constant/invariable (case of mobile radio-relay stations it is not

1,i l
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characteristic).

One should note that expression (9.1.$) relates to case of effect

of one jamming station. In several jamming stations according to

expression (9.1.5) it is necessary to de t-srmnine Q0.,X -or each station

and to sum up them taking into account the simultazteity of effect. If

stations affect not simultaneously, then it is nec-essary to determine

values Qo, and corresponding percentages of the time of effect from

the total time of observations.

Expression (9.1.5) makes it possible to decide not only direct

problem - to find value QoS. of, and rzverse/i~nverse - from valuae

Qo0zz. assigned on value and percentage of time of observations (which

let us designate Q.), to determine minimum distance LM.H between

receiving and jamming station, with which this value will be provided.

For this should be calculated value

Bos. = Q03- P0 , + Bý, + P0,.--% 0, (9.1.6)

and then to find the permissible distance between stations L...,, as

function from B0o.

Value LM with which QoDx==Qoa (where Qo0 it is determined by

recommendations of MKKR to value of noises, caused by work of systems

in combined ranges), it is called coordination distance.

In the case of several jamming stations for each of them can be

assigned the value Q0 3 and corresponding percentage of time, and then ,

• - - J.----
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necessary- distance between stuns is determined.

One should note tha e aessi-ons 1.-.5 and (9.1.6) can be

solved for band of frequenc-iAe of any width. in the materials of MKKR

width of band, relative- to which a•re conducted some calculations and

normalization is realilzed:, is accepted equal ta 4 kHz.

Page 252.

Therefore va-lues P0. and p0. must be substituted in (9.1.5) and

(59..1.6) in dBW, calculated for that section of the emitted spectrum

with a width of 4- kHz, in which their relation is smallest. If it is

necessary to -pass from one band 4 kHz to the next, occupied by

telephone signal Ah. equal to 3.1 kHz, the obtained results it is

• nelmsaory to multiply by value

z = I= = 0,78, (-b1 )1 (9.1.7)
4

9,2. Attenuation of the interfering signal between receiver and

transmitter of terrestrial and grbUnd station.

Attenuation of interfering signal between receiver and

transmitter of terrestrial and ground station depends on following

fundamental reasons:

- distances between stations,

- character of route, above which pqcurs propagation of

-I6-

1i
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interfering signal (dry land, water surface),

- climatic conditions,

- special features of relief,

- mutual orientation of antennas.

In accordance with enumerated reasons total attenuation

Box. =M + BS--o• + Both -G-((e)-G-o(0")• (9.2.1)

Here Bo. - fundamental losses, i.e., attenuation of interfering

signal between isotropic antennas, not exceeded during percentages

of time upon consideration of tropospheric scattering;

B,, - attenuation of interfering signal, caused by presence of

natural obstacles between stations (see Table 9.2.1);

K.oll - attenuation, caused by polarizational losses (see Section

3.4), i.e., not by conformity to polarization of interfering signal of

antenna polarization;

B01o =bo 1 +bofu+e¢.+so-. e - attenuation due to filters and feeders

(see Sectios 3.1 and 3.6);

e ' or @" - angles between axis of major lobe of antennas of

_ • • .- - , . . . .. . . . .
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terrestrial and ground station under working conditions and

straight/direct, connecting station;

GOH(8") - antenna gain of ground station in direction of

terrestrial station;

ao,(E8r - antenna gain of terrestrial station in direction of

ground station. Let us note that since the antenna of terrestrial

station always must be directed toward the satellite, the value of

angle e', and consequently, and G03(8') prove to be those changing in

the time (with exception of the cases, which relate to the systems

with the stationary communication satellites). For the calculations

in expression (9.2.1) should be substituted value G03(8'), which will be

* exceeded during ea the percentages of time.

Page 253.

Determination of values Go,, and G, with value of efficiency of

antennas, which diffars little from one, can be carried out according

to expressions (3.3.4) or (3.3.5), and also using the curves in Fig.

3.3.7. Fig. 9.21 shows the exemplary/approximate char.cter of

dependence 00, (8', p'). for different percentages of timt. On this graph

is shown also value P-- .-lose selection is determined by the

conditions, examined belox% (see Section 9.3).

Determination of value Bo, for land routes above comparatively

flat Earth in moderate and subtropical areas can be carried out
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according to curves, Fig. 9.2.2 and 9.2.3 [9.3]. The curves of Fig.

9.2.2 characterize attenuation at the frequency of 4 GHz at the height

of the antennas above the surface of the Earth 50 m and 15 m.

For determining value of attenuation with distance of x (km)

between stations at height of antennas h, and h,(m) in Fig. 9.2.2
should be taken distance L=x+45-4,1 i1 &,--o+)-V ()KM.

V-mW% , -- r" -- - - ------ - - - -
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Fig. 9.2.1. Antenna gain of terrestrial station in direction of

ground station, exceeded during eJ % time.

Key: (1). (dB).

1411

I# I i 0 i" ',

so50 / 50 300 4o 0 1.(9w )

Fig. 9.2.2. Attenuation of signal between isotropic antennas at

frequency of 4 GHz, not exceeded during percentage of time (moderate

areas, dry land) indicated.

Key: (1). dB.
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In order to determine attenuation at frequencies, different from

4 GHz, to data, obtained from Fig. 9.2.2, should be added values,

found for appropriate percentage of schedule time Fig. 9.2.3. Curve
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A, given in Fig. 9.2.2, characterizes attenuation of signal at

frequency of 4 GHz during free-space propagation. The correction

curve for 0.01% of time; given in Fig. 9.2.3, is applicable and for by

curve A, Fig. 9.2.2.

If between interfering and receiving stations is natural

obstacle, which is observed in limits of angle of elevation A, and it

is located at a distance from 5 to 16 km, attenuation B,1 , introduced

by this obstruction, can be found according to data of Table 9.2.1

[9.13.

From recommendations of MKKR, given in Section 9.1, it follows

that upon transfer from hourly mean power of noises to power of

4 . noises, which caa be exceeded during low percentages of time (0.03 and

0.01%), is allowed/assumed increase of power of noises into number of

times, equal to 50000/1000=50 (17 dB). On the basis of the curves,

shown in Fig. 9.2.2 and 9.2.3, it is possible to conclude that the

transition/junction from attenuation lengths, which are not exceeded

in the long period (for example, during 50% of time), to the

attenuations, not exceeded during 0.1 or 0.01% time, leads to the

decrease of attenuation on 25-30 dB. This will cause an increase in

the interfering signal level on 25-30 dB and the corresponding

increase in the power of noises. Consequently, to satisfy the

recommendation of MMKR for power capacity of noises, which can be

exceeded during the low percentages of time: will be considerably more

difficult than to the noises, exceeded during 20% time and more. 4oZ
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_ Therefore checking the fulfillment of the recommendations of MKKR to

the power of noises, exceeded during 0.03 and 0.01% time, must be

realized first of all. Designating the percentages of time,

determined by the recommendations of MKKR through e, we will obtain

the condition

e= (9.2.2)

Here value e, determines parameter of curve in Fig. 9.2.2 and

9.2.3, and e3 - on graph/curve, analogous to Fig. 9.2.1, which relates

to specific case.

Ago-0
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Fig. 9.2.3. Correction curves to graphs/curves Fig. 9.2.2.

Key: (1). Correction (dB). (2). GHz.
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Taking into account that according to Fig. 9.2.2 and 9.2.3

attenuation of signal can be found only for discrete/digital values

es., in accordance with (9.2.2) we obtain, that if terrestrial station

is receiving, and, consequently, c=0.03*, then when e,=O.I% antenna

gain of terrestrial station must be determined for value

3 = 0,3%. (9.2.3)

But if terrestrial station is transmitting, then according to

recommendation of MKYKR value e=0.01%. Therefore when F3=o=% the

antenna gain of terrestrial station must be determined for

(9.2.4)

If during calculations instead of values (9.2.3) or (9.2.4)

average/mean antenna gain of terrestrial station in direction of
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Ai ground station will be determined, then for determination of BOM from

curves of Fig. 9.2.2 should be taken value ,,=0.01% of time.

During use of stationary satellites antenna of terrestrial

station is fixed and therefore value Gw(e') does not change in time.

Since in this case e3=1, in accordance wilth (9.2.2) one should accept

F,<-. For this value e, according to Fig. 9.2.2 and 9.2.3 the value of

attenuation in the case of stationary satellites must be determined.

During use of expressions (9.2.3) and (9.2.4) it is necessary to

have dependences, analogous to those given in Fig. 9.2.2, for

different areas of terrestial globe when P--=0,1%.

%F
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Fig. 9.2.4. Fig. 9.2.5.

Fig. 9.2.4. Attenuation of the signal between the isotropic antennas

at the frequency of 4 GHz, not exceeded during 0.!1 of time.

Key: (1). (dB). (2). Zone.

"Fig. 9.2.5. Auxiliary graph/curve.

Key: (1). Extent of route in zone B. (2). ExtenL of route in zone

A. (1"•. db.
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Such dependences for the oscillations/vibrations with a frequency of 4

GHz are given in Fig. 9.2.4 [9.2), moreover:

- zone A - corresponds to propagation conditions for

oscillations/vibrations along the dry land,

- zone B - to propagation above the sea on the latitudes of more

than 23.5* N or 23.50 S,

- - - U:
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- zone C - to propagation above the sea on the latitudes between

23.50 NL and 23.50 SL.

For deternining attenuation at frequency, not equal to 4 GHz, it

follows to use correction, found according to Fig. 9.2.3 at value

•s=O1%. The value of correction should be accumulated with value Bo.,

obtained from the curves of Fig. 9.2.4.

In the case, if route between stations proves to be mixed, i.e.,

simultaneously are passed through several different zones, calculation

of attenuation can be conducted approximately with the aid of

, auxiliary graphts/curves Figs 9.2.5, 9.2.6 and 9.2.7 [9.2), [9.4). On

these graphs/curves the dependence of attenuation B, (dB) on the

extent of route in each of two zones individually is shown.

9.3. Attenuation of the interfering signal between the receiver end

the transmitter of grounr aiid onboard station.

Total attenuation of interfering signal between receiver and

iransmittei of onboard and ground station can be determined according

to expressions (3.1.2) and (3.1.4) in accordance with recommendations,

given in Cbhpter 3.
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Fig. 9.2.6. Fig. 9.2.7.

Fig. 9.2.6. Auxiliary graph/curve.

Key: (1). Extent of route in zone C. (2). Extent of route in zone

A. (3)." dB.

::]Fig. 9.2.7. Auxiliary grcphlcurve.

Key: (1). Extent of route in zone C. (2). Extent of route in zone

B. (3). dB.
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Thus, in general form we have

B0Ky ( = Ee- nt1of •ro - Boin ,, -zGo. ( 21). Exen oWu (9.3.1)

Here

. (= (9.3.2)

L - distance between ground and onboard shation (m), X - wavelength of

interfering signal (m), •0,o)and Go,(81") - amplification of

ground-based and of-board antenna in zone C.(2). ' and o" relative ton

C,
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• axis of major lobe.

In connection with the fact that during motion of satellites

continuously change the parameters, in (9.3.1), obtaining

general/common expressions is difficult. The solution of specific

problems proves to be simpler, although it also requires sufficiently

bulky and tedioas calculations.

Principles of these calculations can be explained in examination

of following two cases:

- interaction of ground stetion and onboard station,

established/installed on satellite, which moves along random circular

orbit.

- interaction of ground station and onboard station,

established/installed on satellite, which moves along equatorial

orbit.

Interaction of ground station and station of satellite, which

iroves along random circular orbit.
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Fig. 9.3.1. To conclusion/output of formula (9.3.9).
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Let us assume that the satellite with the nondirectional antenna moves

along the circular orbit, so distant from the surface of the Earth

that it is possible a sufficient approximation/approach not to

consider with its sizes/dimensions. This case is shown in Fig. 9.3.1,

where through MNPQ is designated the orbital surface of radius L, in

center of which point 0 designated the Earth. We will consider that

the antenna radiation pattern of ground station is characterized by a

certain angle e, in limits of which the antenna gain exceeds value of

G, moreover when 0=6, G=G~an. Tak as antenna is established/installed

on the Earth, reception or transmission of the signal of such of

antenna can be realized only in the region, the located above

horizontal plane, i.e., only in region CKME. This means that in Lhe

random position of satellite in the space the probability of the
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.(- reception of signals from the satellite (or transmission to the side

of satellite) with the antenna gain, which exceeds G, will be

determined by the relation of the part of the surface of sphere CKME,

characterized by angle 9, to the entire surface of sphere MNPQ, i.e.

S (CK,,E) 0,5S (CKAEM) L nL(DM)

P(G) = S (MNPQ) S (MNPQ) 14 LR

Taking into account that ,M=L-L cos e, we will obtain

p (G) = 0,25 (1 -cos 0). (9.3.3)

For determining level of interfering signals, which arrive from

different directions, let us consider special features of antenna

radiation pattern of ground station. We will consider that the form

of major lobes of the antenna of ground station approaches Gaussian

curve. In this case the probability of recept'ion or transmission, the

antenna of signal with level G in the direction 6) can be described by

expression [9.5J

p(G) - A. + BIgG (8) + C, (9.3.4)

0(8)

where A, B and C - constant coefficients.

We will consider that the numerical values of the antenna gain are

equal to:

G() =5. lronpH 8=0,70 (9.3.5)
GM)= --. , A'> ,,no

Key: (1). with.

Let us note that level of lateral and rear lobes/lugs in region,

&, where 6)2_200, is accepted somewhat greater than as follows from Fig.
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"3.3.7, since the antennas of ground stations are usually made less

thoroughly than the antenna of terrestrial stations, to which the

graph/curve indicated relates.

After equating (9.3.4) and (9.3.3) with substitution of values

(9.3.5), we will obtain system of equations, from which let us find:

A=l1,47.10-4; B -- 7,61.10-4; C=3,03. 10-.

Page 259.

Therefore expression (9.3.4) in limits from 05e5200 will take

form

p()=1.47" 10-2

p(a) 1 .7.61. 10 IgG + 3,03.10- 4 . (9.3.6)

Taking into account uniform motion of satellite along circular

orbit and assigning different values for G in interval I•G:O0',

according to expression (9.3.6) it can be calculated percentage of

time, during which interfering signal will be received (or

transmitted), antenna ground station from different direciton within

limits of 0<0<20 0 . The results of this calculation are given in Fig.

9.3.2.

For determining analogous dependence in region of 200°8)1800 let

us appear as follows.

Analogously with antenna radiation pattern accepted in Fig. 3.3.7

we will consider that
G (8) =I &)npH = 200(
aG(6)=0, 1& npli 6 1800
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Key: (1). with.

We will approximate probability of reception (or transmission) of

antenna ground station of signal in region of 200-<9-<1800 in the form

of expression

p (G) = MG (8) + NGl (8) + K. (9.3.8)

Determination of coefficients of M, N and K let us satisfy, on

the basis of two conditions: first so that at 8=200 derivatives

expressions (9.3.5) and (9.3.8) would not have gap, and, secondly,

since below lines of horizon (lower than plane x-y in Fig. 9.3.1)

signal cannot be received by antenna station 0, into function of

density distribution of probability of reception of signals on

boundary with plane x-y should be introduced component in the form of

function of switching on/inclusion, equal to 0.5. From (9.3.6) we

have
d p (G ) 1 , 7 I - 7 6 -1 - Q 1 4 G ( 0) < 10 4 . (9 .3 .9 )dpG) 1,47.10-2 7 61.10-4~~

dG = - (e) - + - (4-) jn 10

Key: (1). with.

From (9.3.8) it follows
1d(-) = M + 2N0 (6). (9.3.10)

Equating, according to first condition, (9.3.9) and (9.3.10) with

value of G(9)=l, let us find

M + 2N = - 1,47. 10- 2  7,61-107-4 -1,473.10-. (9.3.1))in 10
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Taking into ac-.ount (9.3.10) dnd introdu-ing, according to second

conditcmn function of switching onitincivs4_on, 3qual to 0.5 we will

obtain

f IM -2NO (b)lG(6) - 1 -10,5+ pi(G ).
0.1

I
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Substituting p(G=1) from (9.3.6), let us find

0,9M + 0,99N + K =0,5- 1,47.10" --. 3,0..10- = 0,485. (9.3.12)

Taking into account condition of equality of expressions (9.3.6)

and (9.3.8) with G(e)=! (i.e. at e=2'0 ), we obtain

M + N + K = 1,47.10-2 + 3,03.107-' f 15.10"-.. (9.3.13)

Solving together system of equations (9.3.11)-(9.3.13), let us

find

M = -- 4,935

N = 2,46 (9.3.14)
K = 2,49

Thus,

p (G) ==2,46G 2 () -4,935G (8)+ 2,49 when 20 <E) 180' (5
:.. ?~. .(9.3.15)

or. O. 1 < G(6)..

Thee results of the calculations of this value are given in Fig. 9.3.2.

Thus, according to Fig. 9.3.2 it is possible to judge

probability of interfering signal level at output of receiving antenna

of ground station for different percentages of time of observation in

random position of satellite in space and its motion by circular

orbits.

For calculating weakening signals according to expression (9.3.1)

value Go(E)) should be substituted in accordance with values of Fig.

9.3.2. In this case in expression (9.3.1) values GM(E")=1, K0n,,--u.*
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since this conclusion/output was made for the case of isotropic

onboard antenna and without taking into account polarizational losses.

Interaction of equatorial satellites with ground station. In

accordance with appendix 7 coordinates of the points, at which are

established/installed the terrestrial and onboard antennas interacting

between themselves satisfy the following expressions (without taking

into account the refraction of waves):

tgAsin t = tg q (9.3.16)

Cos IV S= C [arc ca(k ca -- (9.3.17)

L' + (R+h)'I1 + - 2k cos y cos J. (9.3.18)

:•'- 0
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Fig. 9.3.2. Probability of changing factor of amplification of

ground-based antenna for different percentage of time with circular

orbits.

Page 261.

Here L - distance between stations,

A - azimuth of direction to equatorial satellite for ground

station,

- difference in longitude of points, in which is located ground

station and equatorial satellite,

- geographic latitude of point of ground station k=(R/R+H),

R and H - radius of Earth and orbit altitude of satellite above

surface of Earth respectively.

On the basis of expressions (9.3.16)-(9.3.18) it is possible to
i . determine geographical reference of interacting stations and distance
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between them, and then to calculate weakening and value of interfering •.

signal. The antenna gain of ground station during these calculations

should be deteinined for the direction, which with respect to the

fundamental antenna bearing (to the axis of the major lobe of

radiation pattern) composes the following angles: along the azimuth

A= A --'AA (9.3.19)

on, to angle of elevation

0 =- P - PA' (9.3.20)

Here AA and PA - azimuth and the angle of elevation of the antenna of

ground station.

It is obvious that for purposes of decrease of interferences it

is necessary so to orient antennas of ground stations, in order to

value AA and PA as greatly as possible differed from analogous values,

entering expressions (9.3.16) and (9.3.17).

Amplification of onboard antenna must be located for direction,

determined by straight line, that connect point, at which at moment of

time in question is located satellite, with point, where ground

station is located. Its coordinates are characterized by latitude

and longitude/length, which differs from the longitude/length of

satellite by value o.

It is obvious that in general case during motion of satellite

will change position of plane of polarization of interfering

oscillations/vibrations, and also values H, V, A, A, L and antenna
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"gain in direction of propagation of interfering signal. A change in

the interfering signal level in the time with the repetition period,

equal to the circling time of satellite along the equatorial orbit,

will be the consequence of this. The calculation of a change in the

interfering signal level in the time can be carried out for the

specific cases upon consideration of the given formulas.

In the case of stationary satellite of value H, 4, A and A they

will be constant/invariable in time and therefore interfering signal

level at input of receivers will remain constant.

Page 262.

Calculated relationships/ratios for the communication system, which

uses stationary satellites, can be obtained of (9.3.16)-(9.3.18), if

we consider k=0.151, and R+H=42400 km. In this case with 3=0 without

taking into account the phenomenon of refraction are obtained the very

simple expressions:

cos A Q. 0, 151 t9• 1

0,151 (9.3.22)

L ýý 42. i• Km (9.3.2-3)

From (9.3.21) and (9.3.22) it follows that with A=O with

stationary satellites they can interact, creating interferences,

ground station, which are located within limits of latitudes ý=±82020.

Thus, one stationary Earth satellite, with width of radiation

pattern of receiving antenna of approximately 170 (see Section 2.2),

can prove to be that subjected to interfering effect of very large
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number of ground stations.

Is correct reverse/inverse position - stationary satellite, which

has transmitting antenna with width of radiation pattern approximately

170, can create interferences with those ground stations, whose
coordinates and azimuth of major antenna lobe satisfy expressions

(9.3.21) and (9.3.22) or more exact expressions (9.3.16) and (9.3.17).

Let us again focus attention on the fact that all these expressions

are approximate, since in them the phenomenon of refraction is not

considered.

9.4. Possibility of applying one and the same frequencies in

different communication systems, which use ISZ [artificial earth

satellite].

Question about work of several communication systems through ISZ

in one and the same frequency bands is very important, since its

solution determines economical utilization of frequency bands. It is

completely obvious that in this case the supplementary interferences

with both the radio relay lines and with communication systems through

ISZ can arise.

Let us examine first group of satellites, moving relative to

Earth and which relate to one system, in which, for guaranteeing

continuity of connection/communication, switching antennas (see Fig.

1.1.3) is fulfilled. In this system the part of the satellites can

V.-
'I,
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• provide the connection/communication between thE stations, which are

found on one territory (for example, in the western ihemisphere of the

Earth), whereas another part of the satellites uill be rtilized for

the realization of the connection/communication betweer tij

terrestrial stations, arranged/located on another territory. With the

transit of satellites switching the antennas of terrestrial stations

is realized. it is obvious that 4n the described case all satei!ttes

can work both in the overall frequency band and in different.

Page 263.

Another case - group of satellites, which relate to different

communication systems. An essential difference in this case from the

first is the fact that for the satellites of different communication

systems different orbital parameters will be selected, whereas for the
satellites of one conmmunica-cion system it is-more expedient to utilize

identical orbits and completely specific distribution of satellites in

the space. Therefore the probability of the simultaneous

entry/incidence of the communication satellites of different systems

into the space, which is located in the region of the major lobe of

the radiation pattern of the receiving or transmitting antennas

terrestrial station, will prove tc be greater. Upon the sir2altaneous

entry/incidence of several satellites into the ray/beam of one antenna

is unavoidable the onset of interferences, especially in that case, if

satellites work in one frequency band.

Thus, although both that and other cases of work of satellites to
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"some frequencies lead to identical conclusions about possibility of

interferences, nevertheless probability of interferences in first case

is less.

One should note also that communication systems, in which

stationary satellites are distant from each other up to angular

distance, exceeding width of radiation pattern of major lobe of

terrestrial antennas, can work in one and the same frequency bands

without considerable interferences.

For evaluation/estimate of order of magnitudes let us find

permissible angular distance 6 between stationary satellites C, and

C,, counting antenna radiation pattern of symmetrical in space. Let

- . stations A and A (Fig. 9.4.1) support between themselves

communication, utilizing the stationary satellite C,. Therefore to

side C, the major lobe of the antenna radiation pattern of station )

with the angle of elevation i is directed.
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Fig. 9.4.1. To determination of pernissible angle between stationary

satellites.
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We will consider that the maximum antenna gain of terrestrial station

A comprises GuamC (dB), but for antijamming from satellite C, the

recessary difference in the amplification of this antenna in direction

C, and C. must comprise not less than R, dB. Thus, it is necessary to

determine angle 6 from the condition that to the satellite C. are

directed the minor lobes of the antenna of terrestrial station with

the level, which differs to value aj.cR, dB from the amplification

of isotropic antenna.

From Fig. 9.4.1 we have
S•> 4C1 1C, = e.

Line J'• is horizontal to point A; therefore:



DOC = 86120417 PAGE 2.'

.4~~~ ~ ~ (t=--81)0+P CRS + +O)
40CI = n-- 4 oC+-- C04 =T - 8 +P

Utilizing theorem of sines for OCJt, after conversions let us

find
cos(a-8+f+8) 0- cs(+8)+------cos(P+-E)). (9.4.1)

Oct R+ll

Considering /3=50, on the basis of expressions (2.2.1) and (2.2.2)

we will obtain a=76 0 20'. Accepting maximum antenna gain equal to 50

dB, and the necessary difference in the antenna gain in direction C,

and C,, equal to R=45 dB, on the basis Fig. 3.3.7 let us find 6=140 .

After substitution in (9.4.1) we will obtain the value of the unknown

angle 6=13040'.

--~- If we under the same conditions consider that amplification of

terrestrial antenna is 60 dB, then value of 6=50. In the case, when

antenna gain is equal to 50 dB, and difference in the amplification in

directions C, and C. must be 30 dB, value of 8-3o.

Let us note that value of angle 6, found from expression (9.4.1),

is approximate, since in given examination refraction and errors in

orientation of antennas is not considered. Nevertheless the given

calculations show that the use of one and the same frequency bands for

different stationary satellites is possible with their diversity up to

the appropriate angular distances.

9.5. Coefficient of weakening interference. Z
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Coefficient of weakening of interference (KOP), determined by

expression (9.1.3), shows, how much varies ratio of average/mean power

of useful signal P, to power of interfering P,, with simultaneous

passage of these signals from input of radio receiving equipment to

output of communication channel.

Page 265.

During the transmission of multichannel telephone signal value Qn,

entering in (9.1.3), is defined at the output of telephone channel at

point with the zero relative level as the ratio of the power of

experimental tone (1 mW) to the psophometric power of the interfering

~ signal.

Calculation of KOP can be brought to determination of change in

relation of energy spectra of useful and interfering signal at input

of receiver and output of channel. During the determination of value

x for purposes of simplification in the analysis the thermal noises at

the input of receiver is not considered; at the same time it is always

intended that inequality (9.1.4) is fulfilled. This means that during

the determination of KOP the conditions are observed:

U,,1 > Uma (9.5.1)

where u.. and U,,,, - voltage of the fundamental and interfering

signal on the input of receiver. During the determination of KOP it

• is assumed that width of band of receiver exceeds the width of the
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spectrum of the interfering signal; therefore the selective elements

of receivers are not considered. Thus, in accordance with (9.5.1) we

will count

QZ-l - . x (9.5.2)

Ratio of average/mean power of signal to average/mean output

power of interference can be expressed through relation of spectral

power of signal and interference. For the determination of the latter

should be preliminarily determined the correlation function of the

total osci±latico,/vibration, formed by the fundamental and interfering

signal. The computation of ccrrelation functions and spectral power

of total signal for some special cases of ChM oscillations/vibrations

is carried out in the series/row of the articles, to the bases from

which one should relate [9.6, 9.7, 9.8, 9.9j. The results, obtained

in these articles, show that with the reception of fundamental signal

the effect of the interfering signal can be considered as interaction

between the spectra of these signals and interaction of carriers.

Especially noticeably interference of interference precisely in second

case [9.7, 9.8). In connection with this for decreasing interferences

with ChM it is necessary to prevent the possibility of the

concentrated emission of energy in the narrow bands.
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Fig. 9.5.1. To determination of KOP.
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For this it is necessary to resort to the special measures (see

Section 9.7), which ensure scattering (dispersion) for carrier output

in the wide frequency spectrum in such cases, when the modulating

voltage (for example, with the decrease of a number of transmitted

conversations) is absent. Let us note that for the communication

systems through ISZ of MTlR [International Radio Consultative

Committee] he recommends to introduce the dispersion of the carrier

output frequency and therefore the normalization of radiated power is

conducted for the frequency band, equal to 4 kHz (see Section 9.1).

Since soon in communication systems through ISZ and in majority

of main-line radio relay lines will be utilized ChM

oscillations/vibr-at-ions, cases of interaction of fundamental and

interfering signal with frequency modulation are of greatest interest.

Frequency modulation of oscillations of both signals. In this

case the calculation of KOP according to the formulas, of the

enumerated above articles, leads to the very cumbersome calculations,

but the tables and the graphs/curves, given in these works, .do not
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.° ~' encompass some cases of interferences, which are obtained with the

work in one frequency band of RRL and communication systems, which use

ISZ.

Therefore below for calculations of KOP in the case of ChM

oscillations are given simplified formulas, based on work [9.11),

utilized in documents of MKKR [9.1, 9.12).

Simplification in these formulas is connected in essence with the

fact that with frequency modulation of oscillations for communication

systems through XSZ are accepted sufficiently large indices of

modulation, with which distribution of power of ChM oscillations along

spectrum corresponds to Gaussian distribution.

With frequency modulation of fundamental and interfering signal,

when for radio relay lines and communication systems through ISZ

spectral distribution of rower is subordinated to normal law. value of

KOP can be determined according to expression

S 10g- AFX [exp( 2-F)

+ \x eF9 2AfZ (9.-3

Page 267.

Here F1, - frequency in group spectrum of fundamental received

signal., MHz.
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®RF.= 0,0031, MHz - width of band of telephone channel.
0

W - coefficient of predistortions (see page 191).

- effective deviation of frequency with transmission of

experimental tone along primary system (not interfering), MHz.

a• •+ A PP, (9.5.4)

Aft.p, Afmcp - effective deviation of frequency during the transmission

of the examined number of telephone channels along the primary system

of communications (index 'c") and on that interfering (index "m"),

determined in accordance with expression (7.3.7) for Af., (MHz).

S- separation between carrier frequencies of systems (MHz) in

question.

In the case, -heii value of separation between carriers 1,=o,

expression (9.5.3) are simplified. In this case the calculation of

KOP for FH=F, can be carried out according to the expression

2 F•o lOigkJ
•i (9.5.5)

Here W, - coefficient of predistortions for upper channel with

frequency r,; Af,,. Af2 pz - in MHz.

Calculations according to expression (9.5.5) show that value K.

for communication systems through ISZ is determined by values, given

in Table 9.5.1 and virtually it does not depend on number of channels

of RRL, if it is small.
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If in primary and interfering system value of predistortions is

selected by such, that frequency modulation of oscillations proves to

be .identical phase modulation, then calculation of value of KOP must

be carried out through following expressions [9.12]:

o= 15 + 0Ig--, (9.5.6)

S =,3  (9.5.7)

$ = z, + z,, -• (9.5.8)
eq

Last expression relates to case, when dispersion of energy of

carrier is used. If there is no dispersion of energy of carrier, then

value

1 = 0,5 exp [- (D. + Dg)j. (9.5.9)
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Table 9.3.1.

Scmcree c8•nH 14 300 600 1200

Mt.a 33,5 n2,4 29,7 28,0

Key: (1). Number of channels in the communication system through

ISZ. (2). about. (3). dB.

Page 268.

Remaining values, entering given formulas, take following form:

I exp(--Do) xpF) 1 r (9.5.10)
Z=~~~ ~ =f __1 ex - ý)D2

ex = + exp 1(fex±Fic)

2 V2:sA/a p 2• A 12., / 2"A /r2p
S-- f- , d -+ p x2) (9.5.1)

.~~ C="=
D. =3 Lp4; De -3

-2u

a=-fp-Fsm+Fi, ; b=

C -F2M -FX ; d- 1 -f+ Fsw -r

where F2.- frequency of upper channel in group spectrum of

interfering system,

Fa- average frequency of channel in group spectrum of primary

communication system.

In Appendix 8 in the form of tables are given results of

calculations of KOP for communication systems through ISZ and for RRL,

carried out according to expression (9.5.6) with different number of

channels in these systems and different detuning between carrier
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frequencies. Data of these calculations for the communication systems

through ISZ coincide with values of Table 9.5.1. Laboratory

measurements showed that values x., given in Appendix 8, differ from

those measured not more than by 4-6 dB for the upper channels and they

coincide well for lower channels [9.13). In these measurements the

fact that during the removal/taking of modulation in systems RRL the

interference in the upper part of the group spectrum (534-550 kHz)

grew/rose, focuses attention, this contradicts theoretical

examination. With the separation of the carrier frequencies the

removal/taking modulation led to reduction in the interference to the

value less than the calculated.

Let us note that with substitution of value K 0 into expression

(9.1.4) should be taken smallest value K., found for specific case in

question, since precisely smallest value K, in accordance with (9.1.4)

will correspond to worst case.

During transmission of television program determination of value

of KOP is given in work [9.14) for case, when interference is created

by system of communications, which uses ISZ, during transmission of

telephone conversations along 1200 channels with effective value of

deviation of frequency of 7.5 MHz. The results of calculation K. for

the television channel of RRL with the band 5 MHz taking into account

of predistortions and weighing filter are given in Fig. 9.5.2 in the

form the curve A.

Page 269. V?
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From the examination by this curve it follows that with a change of

the separation between carriers fp within the limits to ±10 MHz value

of KOP changes little. Curve B in Fig. 9.5.2 characterizes calculated

change of KOP for the channel of chromaticity, which occupies band

from 3.5 to 5.5 MHz.

In the case, when interfering signal from ISZ is not modulated,

but is realized dispersion of energy of carrying, KOP radio relay

communication system, along which transmission of television is

realized, it is characterized by curves B (channel 0-5 MHz) and r

(channel of chromaticity with band 3.5-5.5 MHz). In this case it was

accepted that the interfering signal has the uniform frequency

spectrum, which lies on 400 kHz on both sides from the carrier. The

examination of the curve r of Fig. 9.5.2 leads to the conclusion that

in the narrow-band interfering system and with the separation between

carriers on the order of 4.5 MHz, which corresponds to the middle of

the band of the channel of chromaticity, value of KOP sharply is

reduced, which can lead to an increase in the interferences.

Code-pulse modulation. The theoretical relationships/ratios,

which determine the appearance of noises or errors in the channels of

system with KIM from the interfering signal in the vario4.. s forms of

modulation it is located in the stage of investigations.

Approximately in this case it is possible to consider that the

appearance of errors in channels with KIM with the four-phase carrier
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modulation is determined by the dependence Fig. 9.5.3 [9.1). During

calculations it was accepted that the interferences have Gaussian

distribution.

•N
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Fig. 9.5.2. Dependence K. during transmission of television on

separation between carriers.

"Key: (1). MHz.

Page 270.

For obtaining the errors of order 10-' according to Fig. 9 5.3 should

be had a value Q,.i. dB; however, as experiments are shown, it is

expedient to have a reserve not less than 3 dB. Thus, for obtaining

the errors not more than 10-' it is necessary to have a value Qx- 1-4

dB. This value Qj there must not exceed the assigned percentage of

time in the course of the month.

Calculation of interferences from systems with angle modulation

proves to be very complicated. Some special cases are given in works

19.15, 9.16).
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Systems with OBP. Interferences with system with OBP can be

calculated, comparing the spectral power density of the interfering

signal, undertaken in the band of the corresponding channel of system

with OBP, with the power of t1a receiiod signal of system with OBP,

undertaken in the same freqency baned.

Interferences f~o• system with 0:)P -.o frequency-modulation system

approximately ca)i be calculated, considcring signal from system with

OBP as thermal noise. Thus, adding the power of the signal of system

with OBP to the thermal noises, which affect the input of receiverr it

is possible to obtain the vdlue of total noises in appropriate

telephone channels according to expressions (7.5.1) and (7.3.2).
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SFig. 9.5.3. Dependence of error in binary systems on value Qx,

Key: (1). d.B.

9.6. Determination of coordination distance.

In Section 9.1 it was noted that for determination of

coordination distance expression (9.1.6) can be used. Substituting

(9.2.1) in (9.1.6), we will obtain the general/common expression in

the form

B0. = Q03 -P0. + Bol- 'A+ P0gm- Ba + K0 Bj + G03(H) +F

+ GO. (W"). (9.6. 1)

Here value B,, is determined in accordance with (3.1.2) or

(3.1.4), value ic. is located according to Section 9.5, and remaining

r alues are determined in Section (9.1) and (9.2).
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Page 271.

One should note that if values R, and Q0, are determined for band

with width of 4 kHz, power of transmitters Pou and Pu,, also must be

related to band 4 kHz. During calculations of coordination distance

for the system, by which are transmitted telephone signals, should be

considered expression (9.1.7).

After determination according to expression (9.6.1) of value

using graphs/curves Fig. 9.2.2-9.2.6, it is possible to find

coordination distance.

Let us examine determination of coordination distance for case of

interferences with terrestrial station at frequency of 4 GHz from

radio relay line with given value Qw=40,5 dBo during 0.03% of any

month at unweighted power of noises in band of telephone channel.

During calculations let us accept the values, given in-able 9.6.1.

Taking into account that on terrestrial station act three

stations RRL nonsimultaneously, we obtain, that value Q0, from one

station must be observed for time, half less than given one, i.e., for

0.01%. Since the antenna gain in 0.1% of time of any month, weakening

signal must obtained be found in 0.3% of time; however, due to the

absence on Fig. 3.2.2 of corresponding curve we will determine

coordination distance, using curve for 0.1 % time.
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Table 9.6.1.

1UPUMCTPJI (i') l I"IIHIIR

) t licj pailupeWIdIIiUx ctullwifi, comaoamuix nOMeXHn 3

(4)MuUIOCTI, 3jiy+'ieman. a1 HI3 i CGc r f PILeA PPJ1 cTOpoHy 3e-SK plfim c~raium.II -- maKciislan'lai,••. [ 1O.1) (Mly, C0l'JAaclo L HUOMe|l;JI.liiMKKI (chi. pja,. 9.-1) Po,,, -I- Gi,.j(H , d,

%) MouuioTa 6OpIoUO1O ,lepeAaTqHKa I 06&a (.)
(1) 3aryxamie &tenKRy nepe2naTHmKo&I H IXOAOM 3eMHOrO npHeMl;Jia

ornacHo (713.5) B0, 127,2 0ac (g
0 ) 3aTyxaiwHC hieuiaioutero Cilrlnaia n3 ijitepax H ý)IfJhTpax jiepe.aT- I

, lWwa P[JI it ipiieaimia 3eMItOfi CTl" itlljl "of" 3

10) YCHujellle 1IITelHllfbi 3eMIIori cTaHUiH B ianpameHim pamfolfem;eri-
flux cMiaik.if iu ie,,enwe 0,10o IuIIclhIIa! JlKdoro xteciata G03 (If) 20 06 -

nu(m)iw~pinawfoIinbe norepit ,c0 flo 3 a)6(
(/)florepit 3a C'JeT 3KpailIIpO3alHIII e Thi OCTH BL , 4 06

(I acjIO TeJaeJoaHUXbx KaHa:IoB, nepeitaBaemux no paAHope:neirmoft I
JHHH 600

(1$4 cAo IaHa.aoB CHCTeMbI CBf3H iepe3 HC3 600

(I" P, 310C HecyULx lactor A p 0
)l ac'roa rpynnoBoro cifeKTpa, Ha IOTOpoA onpeAe-nReTc. 89M 2 Mcif (1'7

Key: (1). Parameters. (2). Value. (3). Number of radio-relay

stations, which create interferences. (4). Power, emitted by each

station RRL in direction of terrestrial station, maximum. Therefore,

according to the recommendation of MKKR (see Section 9.1) .... (5).

dBW. (6). Power of onboard transmitter. (7). Attenuation between

transmitter and input of terrestrial receiver according to (7.7.5)

(8). dB. (9). Fading interfering signal in feeders and

filters of transmitter RRL and receiver of terrestrial station

(10). Antenna gain of terrestrial station in direction of radio-relay

stations during 0.1.% of time of any month .... (11). Polarizational

losses .... (12). Losses due to shadowing of locality/terrain B0,.

(13). Number of telephone channels, transmitted by radio relay line.

(14). Number of channels of communication system through ISZ. (15).

""' Separation of carrier frequencies:. (16). Frequency of group
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spectrum, at which it is determined:. (17). NHz.

Page 272.

Determination of K, must be conducted according to expressions

(9.5.3), (9.5.5) or (9.5.6). Considering it possible for the present

instance to use (9.5.6), in accordance with appendix 8 (Tabl. l. 8.2)

we have K0=30.3 dB.

After substitution of enumerated values into expression (9.6.1)

we find for 0.1% of time

B=. 183,4--3,6 180 dB.

Value - 3.6 dB is determined by transition/junction from one band

4 kHz to the next 3.1 kHz according to (9.1.7) and by account of

psophometric filter.

In accordance with graphs/curves Fig. 9.2.4 in terms of obtained

value Bom can be determined value L.,,-17o km, which will be

coordination distance. In the case, if between RRL station ana

terrestrial station route will pass not along one zone, but on two,

value L (km) must be determined according to the graphs/curves Fig.

9.2.5-9.2.7. Analogous with the given example can be designed

coordination distances, also, for other cases.

9.7. Dispersion of power along -he spectrum.
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In Section 9.1 it was noted that for purposes of reduction in

interferences by recommendations of MKKR for communication systems,

which use ISZ, is normalized radiated power or density of power flux

in frequency band, equal to 4 kHz. Let us examine conditions, with

which can be fulfilled this recommendation in the case of the

communication systems with the frequency modulation of oscillations.

During transmission of telephone conversations level of

multichannel signal, by which is realized frequency modulation of

oscillations, can vary in considerable limits - from maximum, which

corresponds to busy hour, to zero - when conversations are absent.

The latter leads to the decrease of the deviation of frequency, the

W reduction of the occupied frequency band, and consequently, to an

increase in the power of oscillations at the carrier frequency. Since

with the frequency modulation the power of the emitted oscillations is

constant and does not depend on amplitude or spectrum of the

modulating signal, change in the occupied frequency band will lead to

the fact that the power of ChM oscillations, in reference to any band

of frequencies (for example, to the frequency band with a width of 4

kHz), will change in the dependence on the value of charging.

Therefore value Po, in expression (9.1.5) can substantially increase.

This will lead to decrease QonI.,L to inadmissibly high values of

interferences.

•- Page 273.
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During transmission of television image is obtained somewhat

different position. In this case the exchange of the subject of Liage

leads to a change in the spectrum of the modulating signal, and

consequently, to a change in width of band of ChM oscillations.

However, even in the absence of picture signal (for example, during

the transmission only of the level of white or level of black) TV

signal contains the signal of synchronization, which consists of the

pulses of synchronization and extinguishing pulses/momenta, which

realize a change in the frequency in accordance with Fig. 9.7.1a,

i.e., within the limits from the frequency w, (corresponding to white

level), to w. (determining the transmission of the apexes/vertexes of

timing pulses). The same figure gives the values of some parameters

of TV signal. Let us note that according to the standard, accepted in

the USSR, the repetition period of line timing pulses, the duration of

the extinguishing pulses and their clock frequency are equal to the

following values:

T =64 M (,e)
T H• l ce ) •.(9.7.1)

F -2- = = 15625 a

Key: (1). As. (2). Hz.

Let us find value of components of oscillation,

frequency-modulated, with transmission of level of white and the

presence only of line pulses/momenta. Since change the phases o and

the frequency w are connected with relationship/ratio •=f)(, on the
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basis Fig. 9.7.1 it is possible to record

,(,_,t_ 7.O<t<O,)r (

I (03 1•-O, I t (o)j-- )), SpH 0,1<t<0,55r .7.2)

4 u)2 t -ý 0,5T ((1) -3 - ) (fnPll 0,55 t < t < (9.7.2)
p .--colt -.-0,5r((t j- , --2o ) im t" T f '

Key: (1). with.

This change in phase is given in Fig. 9.7.1b. ChM oscillation

can be recorded in the form

u .- U0 sin (p. (9.7.3)

Representing this oscillation in the form of series/row

C.u = U0 % C, sin ((, t + o)

it is possible to find values C, and yu:
C. atg -•-. (9.7.4)

T

ax, I' sin q) cos i Q idt,

0r (9.7.5)
b"-- - jsin (psin KQ Itt
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This method of determining the components ChM of signal is not

complex, but it requires the high expenditure of time for

calculations. If we take into account that during the transmission of

video signals in the communication systems through ISZ [MC3 -

artificial earth satellite] and in RRL the spread/scope of a change

in the frequency composes several MHz, then for the determination of

the components of ChM oscillation/vibration, modulated in accordance

with Fig. 9.7.1a, it is possible to use simpler and more

demonstrative method.

This method is based on the Blackman-Middleton theorem [9.18):

energy spectrum of ChM oscillation with very large indices of

modulation in the case of transmission of stationary, determined or

serrated signals is proportional to probability density of modulating

process.

In case in question, if w-co (see Fig. 9.7.1a) it composes

several MHz, and parameters of determined modulating signal are

determined by values (9.7.1), index of modulation will be very large.

The probability density w,(v)of the modulating signal v with the

repetition period T in accordance with Fig. 9.7.1a comprises
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T

w, (v) 0 .55•" (.pH•t*•, l• I (9.7.6)
T" 0,55'r< t<r

w•() = o,45r 0i~ . Ir •t •O ,55

Key: (1). with. (2). and.

Using the Blackmar-Middleton theorem, it is possible to say that

energy spectrum of oscillation examined/considered by ChM will be

described by three components, proportional to probability densities,

which are determined according to (9.7.6).

In accordance with this of relation of power of oscillations

with frequencies of w,, wý, w.3 they will be

P((( o): :pQ.o,) pŽ-L: 0,55- : 0,45_T T T
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Fig. 9.7.1. Change in frequency (a) and phase (b) of oscillation,

frequency-modulated by TV signal.
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With the substitution into this expression of the parameters of those•

determined (9.7.1', we will obtain

PI (•,) P (w : P (o) z0,83,0,092,0.078. (9.7.7)

Fig. 9.7.2 gives energy spectrum of oscillation

examined/considered by ChM, which corresponds to relations (9.7.7).

Let us note that from (9.7.7) it follows that power at frequency

w, in comparison with power of unmodulated oscillations is reduced

into number of times, equal to 1/0.83=1.2 (0.8 dB). With other words,

the transmission of white level and of line pulses/momenta in

accordance with Fig. 9.7.1 does not lead to considerable reduction in

the amplitude of the oscillations of the carrier frequency, and,

consequently, is not created the uniform distribution of the power of
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oscillations along the spectrum. Similar conclusions can be drawn

also for the case, when it is realized the transmissions of black

level, and also during the transmission of line and frame timing

pulses.

Consequently, during transmission of TV signal, just as during

transmission of multichannel signals, for satisfaction of condition

for uniform distribution of power along spectrum it is necessary to

introduce special signals of dispersion. This can be done with the

help of the special device/equipment, which subsequently we will call

~ dispersive. Let us consider the principle of the work of dispersive

device/equipment gDY on the functional diagram in Fig. 9.7.3.

In Fig. 9.7.3 it is shown that dispersive device/equipment is

switched on between equipment for multiplexing AY and MM transmitter

and consists of analyzers of group spectrum AC, amplifiers Y and

signal generator of dispersion r'C. Depending on amplitude and

character of the group spectrum, with the help of the analyzer of

spectrum AC, is regulated the amplification Y,, through which is

passed the special signal of dispersion, created by the generator

rIc.
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Fig. 9.7.2. Fig. 9.7.3.

Fig. 9.7.2. Energy spectrum with ChM modulation by signal of

synchronization.

Fig. 9.7.3. Schematic of dispersive device/equipment.

Key: (1). ChM transmitter.
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Thus, at the input of amplifier Y2 can be obtained the total signal,

which consists of the signal, taken from the output of. equipment for

multiplexing, and the signal of dispersion, whose parameters are

chosen so that at the output of ChM transmitter independent of a

change in the signal level, taken from the equipment for

multiplexing, would be obtained the uniform (or close to the uniform)

distribution of the power of ChM oscillation along the spectrum.

At the output of amplifier Y2 an analyzer of spectrum AC2 , which

regulates amplification of Y2 , is connected.
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Thus, by gain control Y, is automatically established/installed

necessary signal level of dispersion, and by change in amplification

of Y2 is ensured the setting of necessary for deviation frequency by

total signal. The presence of the adjustable amplifier Y2 makes it

possible to support more uniform spectral power density even in such

a case, when in the circuit AC,-Y, there is a certain "threshold",

due to which with a small change in the charging the amplifier Y, can

prove to be still closed. One should note that JJY can contain only

the part of the blocks, given in Fig. 9.7.3. In this case there can

be the following versions of construction of AY:

1. In the absence of AC, and AC2 the constant supply of the

signal of dispersion ulth the constant/invariable level is realized.

In this case a certain simplification of AY unavoidably leads to a

change in the group signal level and, consequently, also to a change

in the spectral power density of ChM signal.

2. In the absence of AC,, Y,, and rCA with change in charging

with the help of AC2 will occur change in factor of amplification of

Y,, as a result of which deviation of frequency at the output of

transmitter can be maintained by constant. However, this version of

diagram cannot be used under the conditions, when charging can prove

to be equal to zero, and also during the transmission of such

television images, in which little is changed the brightness. It is

obvious, also that the transition/junction from the lower channels to

the upper, or vice versa, will lead to a change in the spectral power
I'
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density of ChM oscillation. It is necessary to say that a change in

the amplification of Y2 will produce level change at the output of

channel and therefore it will require the appropriate automatic

adjustment also at the reception/procedure.

3. In the absence of AC2 the uniformity of spectrum on output of

transmitter in process of work can somewhat be changed, especially if

start of amplifier Y, by analyzer AC, is realized after decrease of

charging before certain "threshold value".

Let us note that together with versions of diagram of AY

examined can be proposed others.

Let us now move on to comparison of several signals of

dispersion from point of view of guarantee of uniformity of power in

spectrum of ChM oscillation. Comparison let us lead for the cases,

when as the signal of dispersion is used sinusoidal oscillation,

noise signal with the normal distribution and the repetitive pulses

of triangular form.

Page 277.

During this comparison should be rated/estimated possibility of

eliminating signal of dispersion at .point of reception/procedure with

the help of any methods, for example, by filtration or by

introduction of special compensating signals.
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Signal of dispersion in the form of sinusoidal oscillation. In

this case in the absence of charging and during the supplying only of

the signal of dispersion with the frequency n=2rF of ChM oscillation

is determined (5.3.5), i.e.

u = UOcos[COO t + m sillt.

Here minA! = A,__ is index of modulation, and Aw-m2n1Afm andSF

.0-27rf. are respectively amplitude value of deviation of angular

frequency and carrier angular frequency.

If m>>l, then the width of band Af, occupied by ChM oscillation,

is equal about to

A/ -f2Afm = 2WF.

In this case those appearing in process of modulation components

are located from each other in frequency on value F.

Converting (5.3.5) to form

u = U. [sin oo t cos (m sin 0 1) + cos wot sin (m sin Q t)]

and using formulas for Bessel functions:

cos (x sin q) = 10 (x) + 2 1., (x) cos 2n qp,
n- I

sirn(x sin qp) = 2 r2 .+ 1(x) sin (2n + 1) (,

cos(xcosM) = 10 (x) -- 2 N' (- 1)" 12(x)cos2n %P,
n= I

sin (x cos) 2 12,- ) +, (x) cos[(2n +4 I) 1J
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let us find

u =U.IO l(m)sinowot4+ 'f1(m)fsin(Go)+KtŽ)t±
tK-i-

+ (- 1), sin (• 0 -0 ) t- }. (9.7.8)

Page 278.

From this expression it follows that ChM oscillation consists of an

infinite number of components, distant behind each other in the

frequency to the value, equal to frequency of the modulating. The

energy spectrum of this process also consists of the separate

components, the exemplary/approximate form of envelope of which is

given in Fig. 9.7.4 for different indices of modulation [9.18). As it

follows from this figure, with an increase in the index of modulation

the distance between the maximum values of the envelope of energy

spectrum is expanded. With the large indices of modulation the

envelope of energy spectrum in the first approximation, is

characterized by following values [9.183:

=:ý-o ýtý PH Io)0-0)j<MQ
a[ aT (9=7.9)G(co) = oo ng 10)0-011l=r,

a 60 -0 a , .~-W1>mQl

Key: (1). with.

From Fig. 9.7.4 and expressions (9.7.9) it follows that with

m:>l on edges of band value of energy spectrum very large. This is

explained by the fact that the part of the time, during which ChM

oscillation with an instantaneous- frequency of w0+Bc,,cos~t passes any •
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narrow frequency band, will be considerably more in such a case, when

this band is located on the edges of the region of deviation of

frequency, but not in the center of region. In accordance with this

the power of oscillation in this band so will be more then, when band

is located nearer to the edge.

Thus, dissipation of power with the help of sine wave of

dispersion will be not effective: with large indices of modulation

significant part of power will be concentrated on edges of band, but

with small indices of modulation - in center of band. The use of

indices of modulation, close to one, also does not solve a question.
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Fig. 9.7.4. Energy oscillation spectrum, modulated in frequency by

sinusoid.

Page 279.

The signal of dispersion in the form of limited on band thermal

noise, with uniform spectrum in band from zero to frequency FhtaIR if

the modulation frequency with the effective index of modulation is

realized by this stationary normal process,

M A A, (9.7.10)
F *axe

where Af,= - effective deviation of frequency by the noise signal
2A

of dispersion, moreover

m>> I, (9.7.11)

that energy spectrum G4m ((,) of ChM oscillation has a form of gaussian

curve with the apex/vertex at point -=-o. [9.19]. Thus,

q(w) = E0 Y 2a e 249(9.7,12)2 AM, 2

Here U, - amplitude of unmodulated carrier.

Width of spectrum ba.id of ChM oscillation with signal of
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dispe•'sion in question is determined by expression

Af V= 2- K (9.7.13)

"It is obvious that with this energy spectrum highest efficiency

of' ChM oscillation in frequency band, equal to 4 kHz, P(ommidcw will be

con,:entrated near the carrier frequency w(.

Consequently,

7j.+2.2i. 2 -- 4

=(4) MLKC Gjm (w) d -_1, e Gqp* a(d)w. (9.7.14)I (•-bit2.2x o-l

In this expression all frequencies are expressed in kHz. Introducing

the variable t= "-0 . we will obtain

P(4) MUC4')i2(9-715)

-- where

Sc~~D(Z) = 2 (' dx. t .. 6

Page 280.

Taking into account that Izl-.<l, and also that in this case
0't--Z) = I-- (P (),

in accordance with (9,7.15) we will obtain

p(4),• [209 (•) U2.0 (9.7. 17)

Let us note that value (Z)can be found according to tables
of probability integrals, and the value U.2 characterizes amplitude
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of oscillation at carrier frequency in the absence of frequency

modulation.

It is of interest to determine power change in band 4 kHz,

situated synmetrically relative to carrier frequency, in the case,

when modulation is realized only by multichannel communication/report

or only signal of dispersion in the form of noise. We will consider

in this case that the deviation of frequency, created by the signal

of dispersion, is ten times less than during the supplying of

multichannel signal, and the peak factors of each signal are

identical.

Taking into account that effective deviation of frequency,

created by multichanne3 signal, is determined by unbroken curves of

Fig. 7.3.6 and, consequently, is satisfied condition Afcp>)2 or

m;>I, where F, - maximum frequency of group spectrum, it is possible

to cons.der that during transmission of multichannel signal energy

spectrum has form of gaussian curve. Therefore, taking into account

(9.7.17), it is possible to record the following expression for the

re'ation of power in the frequency band with a width of 4 kHz during

the transmission of m-atichannel signal P,, or during the

transmission of the signal of dispersion in the form of thermal noise
P,4) M
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2MW = t sf (9.7.18)
P(4)N 20 ( )_I

Here 6,jand Afcp must be substituted in kHz.

If we consider that the peak factor of noise signal and

multichannel signal are identical, and band, occupied by ChM

oscillation with modulation by signal of dispersion in the form of

thermal noise is ten times less than band with frequency modulation

by multichannel signal, then in expression (9.7.18)

A F,=0, A f'p

Therefore

20 A & (9.7.19)

Page 281.

-4. Calculations according to expression (9.7.19) with values of Af,

given in Fig. (7.3.6), show that with N>50 relation - •9 of times
P(4) N

(9.5 dB) and does not depend on number of telephone channels. Thus,

during the introduction of the signal of dispersion in the form of

the thermal noise, whose band composes 10% of the band of

multichannel signal, power in the band 4 kHz in the absence of

charging will exceed power in the hours of maximum charging

approximately on 9.5 dB, if a number of channels is more than 50.
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Signal of dispersion in the form of pulses/momenta of triangular

form (saw-tooth voltage). In this case, the instantaneous value of

frequency is changed in accordance with Fig. 9.7.5a, that in the

analytical form it is possible to record in the form

04) + W, + to, - (at (9.7.20)
2 r

Here T - pulse repetition period, and -T/2)<-t<(T/2).

Introducing designations of average/mean value of frequency and

spread/scope of frequency

2, 
(9.7.21)

let us find change in phase of oscillation

=fwdt =o ( 00 1- 12. (9.7.22)
0

This expression in the form of graph is shown in Fig. 9.7.5b.

Consequently, for the oscillation, modulated in the pulse frequency

of triangular form (saw-tooth voltage), we have

u Uosin(Coot + !- 2T)
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S t

Fig. 9.7.5. Change in frequency (a) and phase (b) of oscillations,

modulated in frequency by saw-tooth voltage.
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Let us substitute this oscillation in the form of sum of

components; then amplitude of component with number "k"

u? = Uo Va/ + b,2. (9.7.23)

Here

a.= + sin (ot+ tA )cos K fŽtdt
T

2 (9.7.24)

2

bK. - sin .-ot+A-tP)sinicftdt

Representing products of trigonometric functions, which stand

under integral in the form of sum, for coefficient ax we will obtain
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si [,, ( + 2 in[(at) + sin t + ,,, ,=

s +(P)( + a '-n--] (.25

2 2 y 4y2 I

Here

S + +X; = -2T

Analogous relationships/ratios can be obtained for product of

integrands in expression for b,. After integration [9.10) we will

obtain:

a. cos t Cy +sin-E--Sy-cosasC-in -S., (9.7.26)
2Ty 4yS4V& " V 4V2

b. . r 4VS y 4• " 4y$ 4y x

Page 283.

Here X I

C. = I cos•dx; Cy S= os y2dy
XI 4 Z (9.7.28)

After substitution (9.7.26) and (9.7.27) in (9.7.23) we will

obtain

UK= -- + S2 C2 + S2 - 2cos (CC-SYS.) -
2Ty V X 4V2 Y

S-±2sin (CyC, + SySx)) (9.7.30)•_ 4"'
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Values C and S, in this expression - Fresnel's integrals.

Fig. 9.7.6 shows character of change in value of amplitude of

different components in accordance with expression (9.7.30); hence

follows that greatest values of amplitude have on edges of band, in

limits of which is realized deviation of frequency. With an increase

in the deviation of frequency the difference between the maximum and

minimum values of the amplitude of oscillations is reduced. In the

limit, when the index of modulation

m oA, (9.7.31)

the difference between the maximum and minimum values of amplitudes

becomes equal to zero, i.e., all components have identical

amplitudes. By other words, with m-*• energy spectrum becomes uniform

and it can be described by following expression [9.18]:

20,in A3 = 2A-fp 2 (9.7.32)o(9) =o0 n• (0 - 0o1>•

Key: (1). with.

Here
A fp = A(02.

One should note that, as show experiments [9.20), with values of

4
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m>100 it is possible to consider that the energy spectrum is

described by expression (9.7.32). In this case the power of

oscillations, created on the single resistor/resistance in the band
of frequencies of 4 kHz, will be determined by the expression

P-4) 4 o° . (9,7.33)

where A in kHz.

I"e
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Fig. 9.7.6. Dependence of amplitude of components with frequency

modulation by saw-tooth voltage.
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Thus, effective dispersion of carrier output along spectrum by

saw-tooth wave form can be realized with values of m>100.

Let us lead comparison of power emitted in band 4 kHz, during

maximum charging of communication system by multichannel signal with

case, when in the absence of charging is introduced signal of

dispersion in the form of pulses/momenta of triangular form with m4

and with such spread/scope of change in frequency, with which band,

occupied by this signal, composes 10% of band of multichannel signal.

Counting the peak factor of multichannel signal equal to x=12 dB

(4 times), we obtain, that peak deviation of frequency by

multichannel signal will compose AJ. =4Afp. Consequently, according to

the condition accepted the spread/scope of a change in the signal

frequency of dispersion must compose

Afp2( 4,.1) 0,8A fp. (9.7.34)
10 (~4
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Therefore relation of power in band of frequencies of 4 kHz upon

consideration (9.7.33), (9.7.34) and expressions of similar (9.7.17)

will take form

M . -(9.7.35)

Calculations according to this expression show that independent
of number of transmitted telephone channels

P(•) =0,6 once (-2.0 dB).

Thus, with identical frequency bands use of saw-tooth voltage as

signal of dispersion gives best results, than use of thermal noises,

limited along spectrum. In this case, however, is necessary a good

form of serrated signal, since the disturbance/breakdown of linearity

and r unding the apexes/vertexes of saw-tooth voltage can lead to the

power increase P0j.

One should note that removal/distance of signal of dispersion

from group spectrum in place of reception/procedure can be carried

out by method of compensation. For this at the point of

reception/procedure must be generated the local signal of the same

form as the signal of the dispersion (or the signal of dispersion it

must be transmitted by one of the channels of the line of

communications) and then be introduced in the antiphase for the



DOC= 86120418 PAGE

compensation.

Compensation can be realized both on video spectrum and in

intermediate frequency, via modulation of heterodyne in signal

frequency, opposite on phase to signal of dispersion.

Page 285.

Latter/last method is more preferable, since it makes it possible to

decrease the band of frequencies of receiver in the case of the

continuous transmission of the signal of dispersion.

During transmission of TV signals saw-tooth voltage can be

introduced into those time intervals, during which are transmitted

rows (image). This introduction of the signals of dispersion during

the transmission of white level is shown in Fig. 9.7.7. Possibly also

the introduction of the signals of dispersion with the repetition

frequency of frames/personnel.

It was previously noted that effective dispersion of power with

the help of saw-tooth wave form was possible in the case of m>100.

This condition during the transmission of TV signal means that the

spread/scope of the frequency deviation, created by saw-tooth voltage

with the repetition period of rows must be not less

"Af, > 2m= 2. I 100 -3 MHz.•~ 64. 10 •
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Consequently, if spread/scope of change in frequency, created by

complete TV signal, including synchronizing pulses, will exceed 43

MHz, then maximum level of saw-tooth voltage, shown in Fig. 9.7.7,

will correspond to one tenth of video signal, i.e., one gradation of

brightness. With this spread/scope of a change in the frequency the

presence of the saw-tooth wave form of dispersion will lead to a

smooth change in the brightness from the left to the right side of

the kinescope to one gradation, i.e., in effect it will not be

noticed. This you mean that even the partial compensation for the

-signal of the dispersion in the place of reception/procedure will

lead to the satisfactory results.

Let us note that in selection of repetition frequency of

saw-tooth waves form of dispersion to equal frequency &A•=50 Hz, even

obtaining m>10 4 will correspond to spread/scope frequency, equal to

A f>2mF,= 2.10-50 = I MHz.

This means that in the absence of compensation for signal of

dispersion change in image brightness on vertical line to one

gradation will be observed, if spread/scope of change in frequency by

TV signal is approximately 14 MHz.
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Let us note that selection of signal of dispersion in the form

of triangular pulse/momentum is feasible also during transmission of

multichannel telephone signals. In this case the duration and the

repetition period of sawtooth pulses must be determined from the

condition so that their spectrum would be concentrated in the

frequency band, which lies lower zhan the minimum frequency F, of the

group spectrum.

0
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Vpaaivh 6c•o•4')

Fig. 9.7.7. Introduction of signal of dispersion during transmission

of picture signal.

Key: (1). White level. (2). Signal of dispersion.

Page 286.

One should note that nonlinear distortions in circuit of

transmission (nonlinearity of amplitude characteristic of group

amplifiers, phase-frequency characteristic of UPCh, etc.) they can

lead to the increase of noises in the communication channels, caused

by the distortions of the signal of dispersion. In the case of the

transmission of television program the nonlinearity of circuit can

lead to beatings of-the components of video signal and signal of

dispersion.
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10.3. Antenna systems of terrestrial stations.

Requirements, which are imposed on antennas of terrestrial

stations of communication systems through ISZ, reduced. to obtaining

of great directive gains (KND], which correspond to amplification

factor of 45-55 dB and more, on low side-lobe level. At che same time

the construction/design of antenna must allow for the possibility of

continuous tracking of ISZ, i.e., it must have the appropriate rotary

devices/equipment. The latter must realize displacement/movement of

antenna in the space, either over the previously comprised program or

over the maximum value of the signal adopted with ISZ. It is obvious

that the second method can be directly realized on the receiving

antennas, from which the data, which characterize the direction of

receiving antenna to the satellite, can be transmitted to the system,

the manager of the motion of the transmitting antenna. One should

note that during the transfer of these data in them the corresponding

corrections, which consider both the certain territorial separation

of the receiving and transmitting antenna, and their

structural/design nonidentity, must be introduced.

Let us note that coincidence of functions of reception and
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transmission in by one antenna to system is very expedient, since

this to a considerable ext it makes it possible to shorten initial

costs of terrestrial stations.

Page 308.

Nevertheless this association/unification is hindered by the creation

of appropriate separation filters, which ensure, first of all,

maximally low losses in the forward directions (rec'iver-antenna;

transmitter-antenna) and, secondly, as great as possible cros..talk

attenuation from the transmitter to the receiver. Furthermore, during

the use of a common antenna for the transmission and the reception

, usually the length of feeder is obtained greater than in the case of

the separate antennas: this leads to additional power losses of

signa: and increase in the noises at the input of receiver.

At present at terrestrial stations are utilized several types of

antennas: parabolic, horn-parabolic, antennas of Cassegrain, etc.

In spite of the fact that terrestrial antenna systems must work

in the range of frequencies 3.4-8 GHz (see appendix 3), their

sizes/dimensions, for guaranteeing high amplification factors, they

prove to be sufficiently large. This to a considerable degree impedes

the creation of the rotary devices/equipment, which ensure the

displacement/movement of antenna in the space with the high accuracy.

40;k
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Tentative sizing-of antennas according to given values of factor

of amplification and frequency can be carried out on the basis of

expressions and graphs/curves, led in sections. 3.3. Representation

about sizes/dimensions and appearance of antennas they can give Fig.

10.3.1-10.3.6. The data about the radiation patterns of some antennas

a~re cited in Fig. 3.3.5 and 3.3.6.

Let us examine now question about rotary devices/equipment of

antenna systems.
,CL
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Fig. 10.3.1. Parabolic antennas of communication system Molniya-i

Moscow- Vladivostok.
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Fig. 10.3.2. General view of station and antenna in Goonhilly Downs

(10, 14].

L4"

Fig. 10.3.3. Ground station in Nutley [10, 14].
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Fig. 10.3.4. Parabolic antenna in Holmdel [6].

Fig. 10.3.5. General view of station in Holmdel (6).
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So that antenna during motion of satellite would be always

directed to its side, at present 'are utilized two types of rotary

devices/equipment: azimuthal-elevation, with which rotation of

antennas is realized around x and z axes (see Fig. 10.3.7a), and the

system, in which the antenna rotates around x and y axes (see Fig.

10.3.7b).

Analysis of work of elevation system [10.13, 10.14] shows that

with tracking satellite angular antenna scan rate w relative to

azimuthal z axis will increase with increase in angle of elevation.
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Fig. 10.3.6. Horn-parabolic antenna in Andover: a) diagram; b)

* general view [10.1].

* Key: (1). Inflatable dome. (2). Rear radial bearing. (3). Center of

dome. (14). Upper apparatus.
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At the angles of elevation, which approach 900, the angular velocity
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indicated approaches very high values, moreover the large it is, the

lower the orbit of satellite. This is limited the possibility of

applying such rotary devices/equipment, since near the angles of

elevations, whose values approach 90*, due to the limited speed of

the motion of antenna it is obtained certain "dead zone", in which

the-tracking the satellites proves to be impossible (region a in Fig.

10.3.8).

At orbit altitude in several thousand kilometers dead zone

decreases to units of degrees and less and in many instances

virtually it does not have value. Elevation turning system is used in

horn-parabolic antennas, Fig. 10.3.5 and 10.3.6.
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ig. 10.3.7. Types of rotary devices/equipment of antennas: a)

azimuthal-elevation (x, z), b) system of axes x'.

Fig. 10.3.8. Dead zones of rotary devices/equipment: a)

azimuthal-elevation (x, z), b) system of axes xy.

Page 313.

Rotary system with axes xy just as elevation, has dead zone.

However, for system of % dead zone is displaced into the region of

small angles of increase (region b in Fig. 10.3.8), at which the

communication system through ISZ usually is not utilized as a result

of the considerable increase of atmospheric noises.
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From comparison of rotary systems it follows also that system X'

with any orbits requires only one capture of satellite near

horizon/level on entire way of accompaniment, while system xz with

orbits, passing through "dead zone" at zenith, it requires two

captures of satellite - on horizon/level and at output from "dead

zone". As a result of an unavoidable deterioration in the parameters

of the communication channel in the period of capture of satellite,

during the use of system xz is possible a certain loss of

information, whereas in system of 1 there is no repeated capture;

therefore this deficiency is absent. Furthermore, system Xy

frees/releases from the need for the change-over of antenna around

the azimuthal axis, which in system xz serves as one additional

source of the appearance of a "dead zone" as a result of limited

angular velocity w,. The "dead zone", connected with the change-over,

is essential for the low-flying satellites and has low value for the

satellites, which move in high orbits.

Thus, differences in systems of rotation xy, xz especially

sharply are developed with motion of satellites at low altitudes. In

the communication systems through ISZ, using orbit altitudes 10000 km

and more, both types of rotary devices/equipment are approximately

equivalent.
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12.2. Special features of'work with the diversity of signals in the

frequency.

Multistation work with diversity of broad-band channels at

frequency (MCh) it is possible to explain Fig. 12.2.1. In this case

for the transfer of each broad-band channel is utilized a specific

carrier frequency - f,, .... f,. The diversity between any pair of the

adjacent carrier frequencies must be selected so as to exclude the

mutual overlap of the spectra.

Page 346.

During use MCh can be used any forms of modulation - OBP, ChM,

KIM, etc.

Let us examine multiplex operation of repeater, with which is

realized simultaneous reception/procedure and amplification of all

broad-band channels/trunks by general receiving-transmitting

equipment. It is obvious that in comparison with the mode of single

operation in this case the equipment of repeater must be more

broadband. Besides this, it is necessary that the levels of the

signals, which arrive at different frequencies to the receiver of

repeater, would be identical. The nonobservance of this condition

leads to the suppression of weak signals by strong. Thus, with the
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multiplex operation in the case MCh is necessary adjusting the signal

level of terrestrial stations, which can be carried out by the

appropriate change in the power output of the transmitter of

terrestrial station. Adjusting must be realized both in accordance

with the change in the distance between ISZ and this station and in

accordance wi-th a change in the parameters in the section ot

connection/communication Earth - ISZ (for example, as a result of
inaccuracy of orientation of onboard antenna, appearance of sediment!,

residues in area of terrestrial station, etc.).

With multiplex operation in systems with MCh due to nonlinearity

of characteristics of receiving-transmitting equipment generel/common

for all broad-band channels/trunks transient noise between different

broad-band channels/trunks will appear, So that the total quantity of

noises at the output of the communication channels would answer the

recommendations of MKKR and would De preserved by the same, as with

the single work of repeater, it is necessary to ensure reduction in

the value of thermal noises. This means that upon transfer from the

single work of repeater to the repeated is necessary an application

of antennas with the higher amplification factor or an increase in

the power of the transmitters of terrestrial and onboard station and

the decrease of the total equivalent noise temperature, in reference

to the input of receiver.
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Thus, transition/junction to multiplex operation in systems with

MCh requires higher energy indices.

12.3. Special features of work with the diversity of signals in time.

In systems with MV with synchronous working at any moment of

time through repeater they will pass signals, emitted only by one

terrestrial station.

K.

I
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Fig. 12.2.1. Arrangement/position of spectra with MCh.

Page 347.

Therefore all terrestrial stations can work at one carrier frequency,

but they must have the general/common timing mechanism, which ensures

the strictly by-turn/alternate switching on of transmitters.

Fig. 12.3.1. gives graph/curve of work of transmitters of three

stations, which are located in points/items A, B and C when distance
from these stations toi *he relaying repeaLor are indentical.
According to 12.3.1, for time-reach station emits oscillitions/
vibrations of carrier

frequency, modulated by signal, -1'hich comes from multiplexing

equipment; through T, in Fig. 12.3.1 clock period is designated, and

r, - shielding time interval, which prevents simultaneous operation

Cof two ter'restrial stations. The described version, which relates to

the case of the synchronous workiag of terrestrial stations, will be,

for the contraction designated by MVS (multistation system with the

diversity in the time of the synchronously switched on stations).

Possibly also realization MV with asynchronous operation of

terrestrial stations, that we will designate through MVA.

In the case MVA each terrestrial station emits
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oscillations/vibrations into time intervals, not synchronized with

other stations. In this case the stations differ one from another

"from in terms of code combi.nations. The code can be constructed both

according to the te..porary/timr sign/criterion and according to the

frequcrncy.

With MVA through receiving-transmitting equipment of satellite

into some tiMe intervals simultaneous possible passage of signals not

of one, but several terrestrial stations. It is obvious thac at MVA

the receiving-transmitting equipment of satellite must possess

somewhat different parameters, than with MVS, for example, the

S characteristics of onboard relay equipment must be such that during

tht simultaneous amplification of th signals of several terrestrial

stations transient interferenceL between these signals would be

absent.

4

'S 3
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Fig. 12.3-1. Schedule of operation of points/items with MVS.

Key: (1). Point/item.

Page 348.

One should note that with MVA as a result of the random combinations

of the signals of different stations the spurious signals can appear.

However, in spite of the difficulties, which appear during the

creation MVA, they are of considerable interest, since they possess

the series/row of advantages. Fundamental from them - the absence of

the synchronizers of operation of terrestrial stations and,

consequently, considerable simplification in the equipment.

Let us note that with any form MV (synchronous and asynchronous)

modulation of transmitters of terrestrial stations can be any

(amplitude, frequency and phase), but identical for all stations. The

form of modulation is selected from the conditions of guaranteeing

the high of noise immunity and reliability of
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connection/communication. At the same time with any form MV

modulation of pulses/momenta, realized in the equipment for

multiplexing, also can be any (ShIM, FIM, KIM, etc.). Let us examine

the case MVS in connection with KIM.

We will consider that to input of repeater from n stations

modulated oscillations/vibrations with identical carrier frequencies

are supplied. Each terrestrial station works in the period 7. For

this time-one word is emitted.

Let us find repetition period Tj of impulses/transmissions of

any of stations, by assuming that from each station by one broad-band

channel/trunk is transmitted group spectrum by width &F=F,-F,. In

this case must be satisfied the condition

T, 1-- .- (12.3.1)
2A F

Since during this time successive work all n of stations must be

realized, time T, abstracted/removed for operation of any station,

must satisfy condition

T = T- , (12.3.2)

where 7, - shielding time interval (see Fig. 12.3.1.). Introducing

designation
T, = T, (12.3.3)

from (12.3.2) we will obtain

"ni (I + ) Ti. (12.3.4)
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Time of emission of station r and necessary band of frequencies

Af are connected with relationship/ratio

Af A•, (12.3.5)

where coefficient A is determined by shape of pulse. With

substitution (12.3.5) and (12.3.1) into expression (12.3.4) we will

obtain:
n4(I + <)••---

TI 2AF
Pa > 2AFA(I + ,)n. (12.3.6)

Page 349.

Total frequency band, occupied by repeater for reception or

transmission of oscillations/vibrations, in the case to Kims will be

doubly more than value, found from (12.3.6), i.e.,

Atf 4AFA(l +,)n. (12.3.7)

Coefficient of use of repeater n, which characterizes reduction

in its capacity upon transfer from single work to repeated, is

determined by fact that with multiplex operation introduction of

shielding time between emissions of stations is necessary. Therefore

I .. . ..-. (12.3.8)
T+ T T+;T I + f

Let us note that values r, and e are determined by requirements

for permissible value of transient noises between terrestrial

stations, parameters of equipment (by time constants of different

circuits, etc.), by possible change in propagation time in section

between terrestrial stations and by ISZ and accuracy of work of

timing mechanism of stations.
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Is very interesting study of problem about application in

communication systems through ISZ of temporary/time systems with

memory/memorizing devices, or as it is accepted to call them [12.1],

systems with compression in time [12.2). It is possible to show that

the.application of such systems makes it possible to improve the

coefficient of the use of a repeater and to somewhat decrease the

occupied frequency band.

Let us examine principle of construction of these systems, on

the basis of [12.1]. We will consider that at each terrestrial

station there is the memory system, because of which separate words

of pulses/momenta are not emitted during the interval of time r, but

"are stored" specific for a while. As a result of this for the

storage time at each station will be accumulated m of intervals by

duration 7, of the forming blocks from words pulses/momenta, by which

then will modulated the transmitter.

By other words, with this form of work m of time interval, for

each of which in previously example examined from each station

occurred emission of one word (intervals of time 1.1', 1" ... for

first station, intervals of time 2.2', 2" ... for second station and

so forth - see Fig. 12.3.2.L), are united at each station into one
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overall time intervali called the block (see Fig. 12.3.2b).

As a result of this duration-of time of emission of each station

will increase in m of times (t,,=mr), in the same number of times to

increase clock period, and duration of shielding interval between

operation of stations can remain previous, equal to r 3 . This makes it

possible to increase the coefficient of the use of a repeater and to

shorten the frequency band.

Page 350.

On the spot of reception/procedure blocks accepted can be

divided into intervals duration 7 with the aid of special equipment,

after which groups of pulses, which are contained in these intervals,

they are demodulated.

Taking into account designations Fig. 12.3.2 analogous with

expression (12.3.2), we will obtain r.-m-r- --r.. Hence upon

consideration (12.3.3)

Thus, keeping in mind (12.3.1) and (12.3.5), let us find that

during introduction to compression to time frequency band, occupied

by any station,
A In.>- 24 1A (n + • (12.3.9)

Total frequency band, occupied by repeater,

Ah= -2Af,> 4AFA n + -).(12.3. 10)
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Coefficient of -use. of-repeater in this case

Mr I -m

Comparing (12.3.6) and (12.3.9), and also (12.3.8) and

(12.3.10), we will obtain that application of time compression

(memory elements) will make it possible to shorten required frequency

band and to increase coefficient of use of repeater into number of

times a a-rm 1+. 
(12.3.12)

VIN o _ weONM W.- P- __ -p
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Fig. 12.3.2. Sequences of operation of stations,.

Page 351.

Dependence of coefficient a on m different values i-s given i-n

Fig. 12.3.3.

( Thus, application of system of temporary/time compression wi-tb

MVS makes it possible to shorten frequency band and to improve use of

repeater due to contraction of pauses. Furthermore, compression in

the time makes it possible to simplify both the timing mechanism of

stations and mode of their operation (station they are switched on

more rarely, and they work in the more prolonged period). Especially

essential results can be obtained with the large space it is

memorable; however, this will lead to the complication of memory

units and an increase in the cost/value of terrestrial stations.

Synchronization of terrestrial stations with MVS can be realized

both on signals of world service of precise time and by
I- ¶
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pulses/momenta, t-raism!ted by centra- station of control. Equipment

on ISZ can re-lay these pulses/momenta ang the separate channel.

After working/-trea-tmc-nt at the terrestrial stations the

pulses/momenta can be utilized for setri-ng of the moments of

switching on and disctannection of this station. During the

determinaýtion of the moment of switching on it is necessary to

consider the time of the emission of the signal from each station to

LSZ so that the possibility of impulse flashing over of different

stations would be excluded. This determination is complicated in the

case of transient satellites and with the low value of shielding

-• time.

Together with difficulties of system indicated with MVS they

possess essential advantage over MCh, which consist in the fact that

with successive operation of terrestrial stations through repeater

transient noise between br6ad-bdfid Channels/trunks decreases, which

can lead to certain improvement in signal-to-noise ratio at output of

dommunication channel. Furthermore, with the successive work, in

cosntrat to MCh, mutual regulation of signal levels is not required,

w•hch enter the input of repeater.
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Fig. 12.3.3. Dependence of coefficient a on m.
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Page 352.

Application of system MVA faci,'ý4tates requirements for

synchronous working of ground stations, but ground equipment (coding

and decoding) is more complicated and u'n arise transient noise

between broad-band channels/trunks.
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APPENDICES

Appendix 1.

Summary table of formulas for calculating the undisturbed motion TSZ

the construction of the geocentric projections of the orbit of

satellite.

During different calculations of motion of ISZ according to

circular and elliptic orbits can prove to be useful given below

expressions [2.1]. Designations utilized in this case are clear from

Fig. 2.1.2.

Semimajor axis a

rA, + rn " rr
am 2 ZI-1

yOrbit eccentricity e

v .-.- .-- *wv,.-J~ , -- z~ - - - - - - - . . . . . --...
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rA - rf• rA

rA "Lrr a a

True anomaly ;PCh

---arc cos , -csa- _

Radius-vector r

'n (+e) ,A(--) als -- l

Eccentric anomaly E

B' Werctg kVI1 g /( ) 2(
E= 2arc sin k ( )= 2arc co Y a-(---e)

E = are cos (-f = arc cos a-r = arc cm(cos+ -ae

Mean anomaly

4cp =R -e sinE.

time of motion of ISZ from one point of orbit to another

£B- , - - a (sin B, -- sin E1 )

Page 353.

Here value K=kM. In accordance with the definitions, given for

expression (2.1.1), K=3.986.10 20 cm3/s1=3.986'10 5 km3 /s 2 .

Let us consider order of approximate construction of geocentric

projection of orbit of satellite.
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For construction of this projection they must be known:

- orbit altitude H (in the case of circular orbits) or

height/altitude of apogee HA and perigee Hn (in the case of elliptic

orbits);

- orbit inclination i;

- coordinate of projection of any point of orbit on surface of

Earth (subsequently this point we will call "reference)". In the case

of elliptic orbits it is expedient as the reference point to select

the projection of perigee point;

- orbit eccentricity e;

- period of orbit T of satellite around the Earth;

S- direction of the motion of satellite.

1. On globe, knowing orbit inclination, stretched by filament or

wire, they plan section of surface of Earth by orbital plane (without

taking into account rotation of earth/ground). This section must the

cross line of equator at angle of i, pass through the projection of

perigee (or the reference point 0) and touch two parallels with

coordinates ý=i and ý=-i (positive values ý relate to north latitudes,

negative - to south).

2. Coordinates of points, through which is passed section

planned on globe as orbital plane, are transferred to ap/chart and

are combined by line, called line of section.

1



DOC = 86120420 PAGE

3. For subsequent calculationŽ we arbitrarily choose several

values of eccentric anomaly E in limits from 0 to 2w A number of

such values is determined by the necessary accuracy of the

construction of the projection of orbit and must not be less than

10-12. In a number of selective values E is desirable to include

values E,_o and En =2a (perigee point) and E^=A (apogee point). Thus,

introducing in the form of indices the numbering of all selective

values for the eccentric anomaly, beginning from the zero index for

the perigee point, we will obtain the following arbitrarily selected

values: En=E.=o (perigee); E=Et; E=E,...L=E^A= (apogee) ... E=En =2x. Let

us number the points of orbit, which correspond to the selected values

of E. Thus in accordance with the motion of satellite along the orbit

we will obtain points 0, 1, 2, ... , A, .n., n.

4. For each value E, according to given above formulas we

determine value of true anomaly o* and time t;,. for which satellite

will pass from perigee into each point p of orbit. If we for the zero

value of time take the moment/torque of passage as the satellite of

perigee, we will obtain a certain simplification in the formula.

Thus, when =0. E~=E,=o=0 let us find:

Here
rA + rf 2 R + HA+Hn

ey2 ()2 CAR =6400ic*; HA) Hnu"

Key: (I.). and. (2). in.
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For circular orbit for zero value of time it is expedient to take

moment/torque of passage as satellite of reference point.

5. We determine geographic latitude of each point of orbit

according to formula

sinln . s ein1COsp.

6. We compute angle, to which will turn itself Earth for time

(, Is), according to formula

As 3•0 t6 P = L-4. deg.

Page 354.

7. All values it is brought in into table.

8 0 OAIES ~II

10

A,• j 0 e1 I0 (A j On

Key: (1). Number of the point of orbit. (2). Parameter. (3).

Perigee. (4). Apogee.

8. On line of sectiun, constructed on map/chart according to D.

*.}) 2, knowing geographic latitude ý in accordance with Tables p. 7 let us
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plot points 0, 1, 2, ... , A, ... , n.

9. We shift/shear each point on line of section to appropriate

value A3 in accordance with table, filled out according to p. 7. The

shift/shear of points is realized a-long the parallels of latitude from

right to left. Thus, in accordance with the table, carried out on p.

7, will be obtained points IP 2', ... , A', ... , U', moreover I and 1'

will be apart by value e, degrees from each other, and points A and A'

-to value 9A degrees from each other.

i0. Points 0, 1', 2', ... , m', ... , 1' we combine by line,

which will be geocentric projection of orbit of satellite taking into

account rotation of Earth.

11. For construction of following section of projection of orbit

should be repeated p. 1, after taking for reference perigee point I',

and then to repeat paragraphs 2-10.

Appendix 2.

Derivation of formula to Section 2.3.

Fig. n.2.1 shows part of orbit of satellite, whose plane has

angle of slope i to equatorial plane. Considering that orbit altitude

above the surface H Earth, a radius R Earth, from the examination L

Obc we have
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ObmR+H.
"bO=za=(R+ll)sinC. (n. 2.1)

From the examination A Oba

ab-obsina --(R+H)s1na.

From A abc follows

be-x-mabsiI--(R+ H)&ina-:Xv . (n.2.2)

Equalizing (M.2.1) and (n.2.2), ve will obtain

sl•,-inasint.' (11.2.3)

Page 355.

With change in angle a on a+da we will obtain respectively change

in angle ý to angle of ý+dý. In this case instead of expression

,(n..2.3) we will obtain

sin ( + d ) = 3in (a + da) sin i.

After conversions of latter/last expression, by taking into

account that values dý and da are low and therefore

sindt=dt; cwdC= 1; cosda=, 1; s1nda=da,

we will obtain

sinicosada=cos d •+sin --sinasini. (11.2.4)

Taking into account (11.2.3), we find

da= e• dt = d t•sin I Cosa sin i 1- n d (nI.2.5)

or, again taking into account (n.2.e), we will obtain

cos ~ i
dam _____ . (1n.2.6)

S, -
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Consequently, c,(7

cos d•
daý (-Psnl-8hi•1.2.7)

Substituting this expression into formula (2.3.9), we obtain

expression (2.3.10).

I-o



DOCC 86120420 PAGE y

z .- qcmn op6 'MbI, (1)#/•nym'nutnr

Iop6umb, . "|1.' 3J/l ],amopuetrbffo

1l.2.1. Explanation to the derivation of formula (2..310).

Key: (1). Part of the orbit of satellite. (2). Projection of part

of orbit to equatorial plane XY.

Page '56.

In Section 2.3 it was noted that with the values ,=-i or ý,=i

expression (2.3.10) leads to the uncertainty/indeterminacy. Let us

consider the determination of integral for the case •2=i; a similar

examination is applicable with •=-i. Let us rewrite expression

(2.3.10) in the form
Vi--a I

2n T.s /n-w , -- sin-s 2A Y sins -i-- sins 1,

moreover we will consider t as the very small angle. The first

integral can be calculated graphica~ly. For calculating the second

let us assume that when change ý near value of i- the function

/_.•,..aq) €) a +b sn (,-- .),(nt.2.9)



DOC 86120420 PAGE

where a and b - constants.

Designating tecond.integral in expression (n.2.8) through Ap.

(1) and taking into account (Ml.2.9), we will obtain

SP (a-b cossinC+ bdn i coZs _ QcmCd_ .
1 S 2--/ sin$ i - sins C

Substituting into first two addends sin ý=x sin i, and in last

addend in accordance with ([1.2.3) sin ý=sin a sin i, we will obtain
I LC a--bxsinicosidx I ______

PK ( 1) = -- L a, - co 2 --- bslnin i 5- sin'isin3a dad ,
xz arc sin x

here -, = u _-.
In i

As a result of integration let us find

4N,(1)=• -- . - -. sin 2i -z +

Here E sn)- second-order complete elliptic integral;

E(arcsinx." sini) - incomplete elliptical second-order integral.

If values Ao(') with ý=i and ý=i-e are known and equal to

respectively Ai,(,) and Ac(i-e), then coefficients, entering in

([n.2.9), will he

a= A9 (W),

sii,

In this case instead of ("U2.1O0) we will obtain"•
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A Px (1) , A At (iI- B Aq) (I_ -,). (nt.2.11)

Coefficients A and B, entering this expression, are functions i

and e. For value of e=2.50 (0.0436 rad) coefficients A and B are

represented by graphs in Fig. 2.3.2.

Page 357.

Thus, knowing values of Aq(i) and Ap(i-2.5*) in accordance with

carried out considerations instead of (11.2.8) we will obtain

ý-A,)BYi2 5 ) (n1.2.12)AC ( ) ----"• 2n 1•ni -- sins t

0 where coefficients of A and B they are found from graphs Fig. 2.3.2

through known value of dip angle of orbit i.

Appendix 3.

Frequency bands, isolated to the communication systems through ISZ.

During determination of frequency band, necessary for

communication systems through ISZ, were considered both future

requirements for quantity of channels of communication, and

possibilities of isolation/liberation of frequency sections in

different ranges without disruption of work of existing radio aids.

Taking into account this, in 1963 in Geneva was created the extreme

administrative conference of radio communication (ChAKR), at which was
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examined a question of the appropriation of the frequency bands for

the space radiolink systems. Arrangement/position was based on the

recommendations to reports of the X plenary assembly of 1.7mKR. The

fundamental technical principle, assumed as the basis of the

appropriation of frequencies to space radiolink systems, is the

possibility of the joint use of one frequency band several different

radio services. The examination of a similar coincidence of different

radio services in the general/common frequency band showed that the

communication systems through ISZ it is technically expedient to

combine with the radio relay lines of sight, which are placed in the

category of the fixed/recorded services.

For decreasing interferences with each of radio services, worker

in combined frequency band, are introduced specific limitations of

radiated power, given in Chapter 9, and international coordination of

appropriation of frequencies also is provided for.

Taking into account recommendations and reports of MKYR, for

communication systems, which use ISZ, for different areas of world

were isolated frequency bands, enumerated in Table n3.. Let vs note

that to area I pertains the USSR, the European countries and the

country Africa, area !I includes North and South America and

Greenland; the remaining countries enter into area III.

Table 11.3: shows services, with which communication systems

through ISZ must together use different frequency bands on equal
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,$ rights/laws (on primary base). One should note that in some countries,

except the services enumerated in the table, are some others. In the

table italics printed the services, which use the appropriate

frequency bands on the secondary base.

Stations, which use frequency bands on secondary base, must not

cause harmful interferences with stations, which use frequency bands

on primary base, they cannot require protection from harmful

interferences from side of station, which use frequency bands on

primary base, but they can require protection against harmful

interferenccs from side of other stations of the same or other

service, which use frequency bands on secondary base.

Let us give definitions of some services, eniunerated in Table

r1.3.1, in accordance with regulations of radio communication, accepted

in 1959 in Geneva.

Fixed/recurded service - radio communication service between

specific fixed/recorded points/items.

Mobile service - radio communication service between mobile and

ground stations or between mobile stations.

Service of radar - service of radio-determination, which realizes

application of radar.

•i Page 358.
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Amateur service - service of self-improvement, coupling and

technical research, realized by lovers, i.e., by those, who have for

this official permission/resolution and who are interested in radio

engineering exclusively for personal purposes and without any material

interest.

One should note that solutions, accepted by ChAKR, on the basis

of which is comprised Table fl.3. must be realized from 1 January,

1965.

~ .J -i- -~,.------~----- --- -
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Table 11.3.1

3400+3600 Me*4 (;X) 3m0+5 m Mag
0) myepo~miCnyrnMX CB93H~

' nTIH 'qS CY-(cnyraauc-3emaai)
___ (1)) JIAo~MAU

0)Paouaoxv4oo us 3500+3700 Mz4j) L,500+3700 Meq 0
~1) 4H~cao~alOaR CHyPr CBSII cny (~EUCPOaftoam

3600+4200 MZq@ Ps1mwntwa 11=1)C~3~fYWX
*)Cny~u CUM3 (ClyT- mim-3ewis) (Eflloauzftas

nflArntwas 700-4200 Mz 4

___ ___I?_ (Cfl~pmoa

__________________RKx-3emAB~)

4400+4700 Mzq(5)
Ouxclpoamlaa
IroABMMcaa

Ca) nm'ru caS3H (3 emua-cnyTHHK)

5725+U85 Meqop
()P&Awmoaxanua

C. CUyTHIIII cwii (3ekuiICN-cYTHHMM)

5m0+ 5P25 Mz (i 5850+5925 Mzq

1%1 Cny=iXH CEBSH 4?CnyTHHKHC63
(3eMna-cnymrnc)

6M2+1425 MNC2(1
OHKCIuPoBa~fih

Cnyrmmu caimm (3eIwm-cnyrma~)

7250+7300 MAU4(
9)Cuym uxcmi (cayrmux-3eimu)

7300÷7750 Meq1ý9

ep rjomm
(.) Cr[YTWIICH causHa (cnyrmujc-3eNma.)

7900÷ 7975 Afleqi

(3> Cnynim ci BI ( 3ewaa-cnyTMxx)

7975+8025 Alaw
CnTHHCURMi (3 eMwza-CuymlK)

8025+8400 Maoi
"K lCUPOBaaua3a

flOADWK~g
CuyTRUci UaSH (3ewia- cnyUMK)
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Key: (1). R(gion. (2). MHZ. (3). Fixed/rezorded. (4). Radar.

(5). Mobile. (6). Ccmnmunic~tion satellite (satellite-Earth). (7).

Lovers. '8). Radar. (9). Communication satellite

(Earth-satellite). (10•). Co~nmunication satellites

(Eazth-satelliftes).

Page 369.

Appendix 4.

Transmission levels.

In colmmurication equipment it is accepted to express power

levels, voltage and current not in absolute units (W, V, A), but in

relative units (Np or dB), which characterize, on how much neper or

dpcibel the examined power level, voltage or current (P; U; I) differs

frcm appropriate initial values (P,; U,; I1). Thus,

I I
P In, in.4.1)

ui =9 inH*u. 0gul4
us Ue

I n , _L' i=2O1g-L (n.4.3)

Key: (1). or.

Values in nepers and decibels are connected with

relat ionships/ratios:

I (F.4.4)

Key: (1). Np.
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It is accepted to distinguish three forms of levels: absolute,-

relative and measuring. Let us consider the determination of these

levels.

Page 360.

If as initial level in expression -(n.4.1) value P0 =l mW is

considered, this level is called absolute level and is expressed in

dBm (decibels, calculated relative to 1 mW) or Np. Thus, absolute

levels can be computed according to the following expressions:

P =T -2 ,I 2 .. ' ). I(11.4.5)
[Brn 10]g1~g PIM

Key: (1). Np. (2). dBm.

For calculating absolute level of voltage U(v) or current I(ma)

as original values in expressions (M.4.2) and (n.4.3) they take

value of actual voltage U,=0.775 V on resistor/resistance of 600 ohms

or effective current I1=1.29 mA, which takes place through

resistor/resistance of 600 ohms, The selection of values U. and I. is

determined by the fact that these the voltage and current on the

resistor/resistance of 600 ohms develop the power of 1 mW. The

absolute levels of voltage and current on any resistor/resistance of Z

can be determined from the formulas:

"u in ,,-!' - I" In Z1.1 o.,u,1gLt- o,- 11 ' . i*. (n. 4. b)
1GI I -LM

i=~~ In + ~ In____21 (.4.7T-2 7 5 1.29 +09600
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If during calculation of transmission level for initial value is

accepted power coefficient, voltages or current at point, which

corresponds is accepted power coefficient, voltage or current at

point, which corresponds to origin of circuit or Eystem, then this

level is called relative. Thus, relative level shows a difference in

the levels (expressed in the nepers or the decibels) at the point in

question and at the initial point of circuit.

Consequently, if at input of circuit absolute level of power is

equal to P... and at certain point of system absolute level is equal to

p,, then relative level will be determined by expression p,-p,..

The measuring level is called absolute level at point of circuit

or system in question when in the beginning of it zero absolute level

is established/installed, i.e., into point with zero absolute level

signal is given by power of 1 mW.

One should note that during calculations sometimes it is

necessary to determine amount of power in terms of known value of

absolute transmission level p. In accordance with expressions

(11.4.5) this can be carried out according to the iormulas:

P=ep. mW (if p is determined in Np) (n.4.8):

P=i•o.,p mW (if p is determined in dBm) (n.40).

Appendix 5.

Characteristics of stationary random process with the zero
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average/mean value and the normal distribution law.

According to [6.6] for stationary random process of u(t) with

normal distribution law and with zero average/mean value

, 4=Uytj= . (n.5. 1)

are satisfied following conditions.

1. Stability condition: function of distribution W of any order

n remains constant/invariable with shift/shear of zero time reference

to any interval r, i.e.

•VR{UZ . .+.; + 4+T;...; t+'). (n.5.2)

Page 361.

Here u,;u,2.... . - - levels, which are not exceeded for any realization of

random process at the moments of time t,.. t..

2. One-dimensional function of distribution (probability

density) does not depend on time:

%7 ("; 0) = I 1(a; t + V)= W, (U)(). (n1.5.3)

Taking into account that multichannel signal has normal

distribution law and satisfies condition (n-.5.1), we obtain, that

one-dimensional function of distribution (one-dimensional probability

density)
23,

~ -~(n.5.4)
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This function has maximum, equal to with value of u=0;

plotted functions for different a are represented in Fig. .5.1

From these graphs it follows that the less the parameter a, the

greater the maximum probability density and the more compact the

weight values of function W,(u). Thus, with the decrease a increases

the probability of the determination of the process in the region of

the assigned width in question, which includes point u=0.

Let us note that parameter a - rms or standard deviation of

random process.

3. Dispersion - is constant and does not depend on time. The

value of the dispersion of process with the normal law distribution is

equal to 0 2.

4. Two-dimensional distribution function can depend only on

difference r=t 2-t 1 :

W,(u 1; u,; ti; Is) VS(("; us; T). (n.5.5)

For normal distribution law with u(t)=0

WS (u1; us; T) =I -I I + 4- 2R (v,) uj5
2na( VO,()exP 211--R (v)] a&

Here u1 =u(t 1 ), u,=u(t,)=u(t,+7), and value R(7) - coefficient of

correlation of stationary process:

R (T) BWc (n1.5.7)
B8(0)
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where B(7) - correlation function of random process, found for value

of r=t 2 -t., and B(0) - for value 7=0.

5. Correlation function B(t,; t 2 ) - even, that depends only on

difference in countdowns t 2 -t 1 =7:

B (t,; i,) = B (v) = Iu--s 5 Iuu,s, (u1; u,; v) dudu,. (n.5.8)

Here u1 =u(t,); u 2=u(t 1 )=u(t 1 +').

Ia
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d-25,

. O(u) .

5 "3 -7 0 2 *

Fig. n.5.4. Dependence of W. (u) on o.

Page 362.

If stationary random process with zero average/mean value is

determined by some regular (not random) function f(u) from value u,

which is by chance in time, then correlation function of this process

B(r ) : -1z u )u flui)f(u, ) Wo (M ,., us; V) dudu,. (fl.5.9)

Stationary processes, whose average/mean value and dispersion do

not depend on time, but correlation function depends only on time

difference T, they are called stationary in the broad sense

(stationary according to A. Ya. Khinchin). Let us note that the random

processes, stationary in accordance with 0(7.5.2), will be stationary

in the broad sense (but not vice versa).

If random process possesses property of ergodicity, correlation

function can be calculated according to only realization, for example

realization k of random process:

B(r) = (t) a(+ ( ) =1m u.(y)u.(y + r) d. (n..5.J0)
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Let us note that according to (1.5.8) correlation function

characterizes degree of statistical connec-tioi./cormunication of

adjacent elements of random process, distant to paxiod 7.

For stationary processes, whose average/mean value is equal to

zero, are observed conditions:

in B (1) - (CO) a 0. (n.5.1 i)
JimB (,) B S(0) = .(n.5.12ý

On the other hand, assuming/setting in expression (17.5.10) T4O, let

us find

T
limB(r)=-B(0),,,u-'ii(i3==I~ lira• u,•(t) dl = (fl.5.13)

Equalizing (n.5.12) and (B.5.13), we find

a (o) - o, at. ;' : . (n.5. 14)

Consequently, correlation function with T=0 is equal to

dispersion and is average/mean power of random process in question on

load resistance/resistor, equal to 1 ohms.

6. E argy spectrum. As showed N. Wiener and A. Y&. Khinchin,

the correlation function .of the stationary random process B(7) and

spectral density (energy spectrum) G(O) were connected with Fourier

transforms:
D Do-5



DOC= 86120420 PAGE '-19

"0"(0)=2- B ) d-g 4 B(rCosOrd-. (17.5.16)

Page 363.

Normal stationary processes can differ from each other in terms

of form of correlation function or energy spectrum, given in each

specific case by further conditions. The known amount of pover AP,

which falls to the band of frequencies AF=F 2 -F,, where F2 and F1 -

values of frequencies on the edges of band, can be one of such

conditions.

In this case spectral density

0 (9l) -- Jim 2a AP v.6 np7

Correlation function B(T) and spectral density G(M) of stationary

random process possess all properties, inherent in pair of Fourier

transforms. For exampl6, during the expansion of energy spectrum G(M)

ccrrelation function is made by narrower more compact. By other

woýýds, for the family of the energy spectra of the assigned form the

prc-,iuct of the time of correlation 7, to width of band AF of energy

spectruin is constant value.

Let us note one additional property of functions B(7) and G(Q):

correlation functions of two stationary random processes n,?(t) and
, -%(r, _re connected with dependence

Ba b(T- (n.5.18)
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i.e. correlation function of process n,(t) is equal to second

derivative of correlation function of process n,(t), undertaken with

opposite sign. In this case must be satisfied condition B"(O)t-c.

Energy spectrum G,(M) of random process n,(t) can be determined

through energy spectrum G1 (e) of process et,(t) as follows:

Q,(of (00d ). (11.5. 19)

Appendix 6.

Determination of the percentage distortions of the amplitude

characteristic of amplifier.

Amplitude characteristic can be represented as ",-:•("u)' where

nonlinear dependence mu..) is approximated by polynomial of form

RIu•) -climax+

Here U,, - voltage on the input of amplifier,

us- - output potential of amplifier,

- the coefficients of polynomial, which correspond to degree

of n.

atuz =u (1(.6.2)

we will obtain

uw - u + afu, + ase+ .+andn. (n.6.3)

Here

S= " . _•. . .• am - - (n.6.4)

if we to the input of amplifier conduct the harmonic oscillation

UxSX U&j coo Qt, (n.6.5)
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"at the output will have

ua+x =U m a +,I a.OCo . (11.6.6)

Page 364.

Here

U = ,U , . (n -1 6 . 74

Being limited m=5 and taking into account that

cNs x r-i (cms 2x + 1)

W8' =X L (w3X + 3cosx)

cDO x - ew U + 4cos 2x + 3) (n .6.8)

So -j (cosfx + 5cw 3x + 10cm x)

After conversion and without terms with constant component

instead of ((n.6.6) we will obtain

5
U=WjUhcwkQI, (n.6.9)

moreover in accordance with (a..6.6) and (n.6.8)
3

u= U+ --- s + -L--,uJ

I I
us = aip + -L a6 '

2 5

U3 = + aal + - aU' + (n.6.,10)

16

Hence follows: .
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as 16-
Us

a#(LU3  5 alU' U -5.Us 16 Us Us
a (=U, tJ

a) s _ 1. aU4 - (Us-- 4U,)
"= s 2 Us -(U,

the value U, entering these formulas, can be determined from the

expression for u,:
3 6

U= U, - ua=U-- -oS=U1- 3 (Us- 5U,)- ,oU, -3U:, - 5U,.

Page 365. (n.6.12)

Consequently, if.the amplitudes of oscillations U,-U, will be

measured, then on (n1.6.11), (n.6.12) can be obtained the values of

coefficients of a,-a,..

Furthermore, if is known value of input voltage U., then from

(n1.6.12) and- (11.6.7) can be obtained value of coefficient a,==- andU31

from (n. 6.4) and (n.6.11) - value of any coefficient u .. ,.u•".

entering initial expression (n.6.1).

When characteristic of nonlinearity of amplifier can be

approximated by polynomial of smaller degree, for example cubic, all

coefficients can be calculated according to given formulas, if we in

them assume that values, which have indices higher than third, are

equal to zero. The obtained relationships/ratios make it possible to

determine coefficients a or a on the known voltages U, and U, or to

solve inverse problem. However, in practice it is frequently

• necessary to determine on coefficients of a or a the values of the



DOC = 86120420 PAGE ..2< -

coefficients of nonlinear distortions or the value of the index of

nonlinearity.

By coefficient of nonlinear distortions on n harmonic hcwls ratio

of amplitude of this harmonic to amplitude of fundamental harmonic,

measured at one and the same point of circuit during the supplying of

specific level p, into starting point of circuit:

K, ( U..) = ,• (n1.6.13)

Index of nonlinearity of order n at point, where absolute level

of fundamental harmonic is equal to p,, which ccrresponds to voltage

U1 , it is determined by relationship/ratio

ba(I .u, (n.6.14)
Un

If we in ((.r.6.13) or (.P.6.14) substitute values of voltages

from (nl.6.10), then it is easy to see that coefficient of nonlinear

distortions and attenuation index depend on stress level of

fundamental harmonic, on which they are determined. Thus, for

example, considering for simplification of calculations that a.=a5 =0,

and assuming/setting sufficient to low value of a3 , as a result of

which U>>-asLP, from (11.6.10) let us find:

2 1U 1= U; U s = a , ; U 3 4

Therefore in this case

2
KX= ajL.; b,, = n -

2 aliU1

4 ajJ2
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Let us note that from given relationships/ratios it follows that
with change in input vol.age U,. Z times (or power Z2 times) value of

percentage distortions K,. will be chdnged - times, and attenuation

of nonlinearity b,. - to value, equal to in zn_,. This is correct under

the condition of the low nonlinearity of the characteristic ( < or

(L.•Z,, where n=2, 3, 4.). Thus, depending on value U, will be obtained

different values K. and b. In order to introduce certainty during the

determination of values K. and b,,, it is necessary to indicate the

value of voltage level (or power level), with which were determined or

must be determined these values. Specifically, this is stressed by

the fact that in (n..6.13) and (n.6.14), and also in the subsequent

expressions for the coefficients of nonlinear distortions and indices

of nonlinear distortions in the brackets is indicated the power level

• of the fundamental harmonic, on which are determined K. and b,.

From (n.6.13) and (n1.6.14) it follows that betweenK.and,5.there
are relationships/ratios:

S(PI) (n1.6.15)

Taking into account (U1.6.14), instead of (11.6.12) and

(n1.6.11), we will obtain:
u=uj 1-3E3-+u , U+ (I = (- 3e-ba (PO + 5e-b, (M,))= u,A,, (n .617)

A, I---0-b' LA) + e -b, (Ps), (rn.6.18)

2 (s - ,-U) 2 (e b- (PI) -4e.b4 (P)113,A 2 U3. ', u,.42

as =- 45 ~ 4 ( 6-b. (p.) _ 5e-ba (Ps)) (11.6.19)

a /= 1as 16, 14-I - e-b, (PI)
U, 1 •Al ;Al-
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If amplifier introduces low nonlinear distortions and,

consequently, attenuations of nonlinearity of different orders large,

it is possible to count

" ,) < 1; - ) , 1; <" 4" ') < ; e- (P0 • I. (n1.6.20)

Inequalities (n1.6.20) make it possible to considerably simplify

obtained expressions, since in this case value A=I, and therefore

instead of (1n.6.17) let us find U=U,. Considering that with voltage

U, on resistor/resistance of R power P, is developed, on the basis of

Appendix 4 we have

U==Us Y2RjViRe 2ps YeN n6.1

and respectively we will obtain

., =,~~a - 2 a7 -[ •,,•_ - H-2,] RR
e7[e(.ps)+, -2 [p(Ai-J

as 4 ( e [b. () + 2p,] - 5e [bI (Ps)+-2p1) 2.. )

EN a, B-b, (pj + I (11.6.22)

~8erb4Pa) 3 P1 2 R Y2=R

With p1 =0, i.e., during the determinations at point with the zero

absolute level, these expressions substantially are simplified.
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Page 367.

Expression ( H .6.22) establishes connection/communication between

indices of nonlinearity of order n and coefficients a.. Keeping in mind

(1f.6.16) and (11.6.21), on the basis (H1.6.22) it is easy to switch

over to the coefficients of the nonlinear distortions:

2as -• 2. J& (pl) - 4K4 (pl))

a, = [K, (AI) - 5K. (Ai)I

a=(i (n1.6.23)
a. K. (A)

It is obvious that for determining coefficients a,. from

expressions (TI .6.22) or (11.6.23) it is necessary to fulfill

measurements on all harmonics, including the fifth. This is realized

only in such cases, when the cut-off frequencies of the group spectrum

F,-F, are connected with relationship/ratio 5F,<F,, which corresponds

to the relative width of the group spectrum

'Ps - F, Ot•
;0 ' = 1,34.

0,5 (F, + F,) 0,5.6F,

When relative bandwidth is lower than this value, determination

of coefficients ,. from given formulas cannot be fulfilled, since it

will prove to be impossible to measure attenuation of nonlinearity or

coefficients of nonlinear distortions of higher orders (for example,

the fourth and the fifth). For determining the coefficients a,. in

such systems it is necessary to resort to other methods of

measurements, for example to the method of two tones. In this case to
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/<•> the input of amplifier are supplied two oscillations/vibrations with

the identical amplitudes and such frequencies of L anda-a,

which lie/rest at the band of the efficiently reinforced frequencies.

Then

ux = U= [coS Qat+ COs QC t. (n.6.24)

Analogously (171.6.6) at output of amplifier we will obtain

U,-,m=U(cosQat+CsQc0)+ 'a.J" (coSQat+COSQcI)"• ([n.6.25)
n-2

Here U is determined by expression ([1.6.7).

From expression (11 .6.25) it follows that together with the components

of the frequencies of form nn. and mil. during the supplying to the

input of the nonlinear =mplifier of two oscillations/vibrations at the

output will be present the components
1

cos (p c t)'cos (q c, 1) -L (cos [(p Qa + q cQ) tj + COS [(pQ -q Q,) 4]).

([n.6.26)

Here p and q - series/rows of independent natural numbers,

moreover p+q=n, where n-2, 3, 4, 5.

Taking into account that relative width of band of amplifier is

usually small, we will be bounded to examination of components with

frequencies O.--c; 2Q.-%c; 2S.J -2QM; 3Q.-*2Q, formed with values p and q,

respectively equal to p=l and q=l; p=2 and q=l; p=2 and q=2; p=3 and

q=2, and also components with frequencies of a. and a, formed with

values of p=l; q=0 and p=0; q=l.
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For these components from (11.6.25) we will obtain:

u =u =U+9ap+ 25aua

UI-, - a=U' + 3ajUJ

= '=3 + 25U==_ 8c=•aUJ ".U (P.6-27)

U30_29 = T aU'
8 _U,

From these expressions let us find:

8 U(306--_ _)

4 b(20,_20)

-3' 8A

4 _ _ _ __0c 25 a&6 4 51

" 3 Us - - -U3 = • - U(2g..--Q,) - U(30a.-20)1

0a-0=) WUO I
"a= u, -U -Us. [U M [,) - 4(20a-20)I .

(n.6.28)

Value U can be determined through value U% or U9 (from rl.4.ri):

9 2
U = u -- 4 US -- 4 aIWO -U94 -- 3U(2g. _•) -- .U(3Q, _2Q) - (n -6.29)

Subsequently for brevity of recording we will lower in indices of

designation Q.. and Qý. keeping in mind, that in first place in index is

written/recorded reference number of harmonic of frequency a., and in

second place of index is written/recorded reference number of harmonic

cf frequency ,. Thus, component U(32,,-2,) will be registered as U,- 2 ,

and designction U- will determine component U.
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.Taking into account aforesaid and keeping in mind, which

U, Y2RP--,= VR e 2p.' = Y-R e-,

U,
U#q -b _ (pa)

moreover b,_•(p,) determines attenuation of nonlinearity of order n=p+q

(in nepers) at point, where level of fundamental tone is equal to p,,

expressions ( R.6.29) and (I .3.16) can be registered in the form:

U2-1

U U, (I 3-U•'-! - '2) U( -ý 21 57ý2 = B. .. 0

B, = I - 3e- 2-1 -- -- 2 (n.6.3 1)
4jl -B2 U 2  ) = I e (P.) -4-b 2_ 2 (pl)p

44 U=.2  _____Ie__

3 u, , U, I- 5__ 3 -2 eb2-1 01) _ -ebb-.2 ('I)

~~ 36u2 Pg

•! •nthe case of amlfeswt a smal nonlinearity ofvlue

Fi In this case of B1=1 expressions are simplified:

u = U1 = V2R e", (n1.6o.34)2RL bU +Pa) b2 2 +PI))

3R=-- - •-e ( -2  + -,),( -.4 P)

a4  ( 2+ P) . (1.)35

4 , U2- -2 _ 4 _ -2- ( PS)

8 (2 -(•_• +),) en b.3P)

-b3-- 3PS

In these formulas for brevity of recording index p1 in value.

e -which determines attenuation of nonlinearity, is omitted, since(n6.3

• absolute level of fundamental tone pu is written/recorded in the same
express ion.
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Derivation of formulas, which determine coordinates of points of

interacting antennas.

Let us at first consider case, when angle of elevation, at which

occurs reception or emission of oscillation/vibration of terrestrial

antenna to side of satellite, is equal tn zero. Fig. n.7.1 shows the

surface of the Earth radius R=OK=OM=OC with center 0. Let us assume

that at point K the antenna of terrestrial station is

established/installed, and along the circular equatorial orbit EAA

with a height/altitude of H=MA satellite moves. If we to pcint K lead

tangential rlane, then the orbit of satellite will cross plane P at

two points - in A and D. With plane P the axis of the major lobe/lug

of the antenna radiation pattern coincides. We will consider that the

satellite is located at point A, and let us establish the geometric

relationships/ratios, which determine the coordinates of points A and

K depending on the orbit altitude H=MA and latitude of point K (which

is determined by angle ý=KOC). Let us consider that the zero meridian

passes through point 0'; therefore the longitude/length of point K is

determined by angle 40o'oC and the longitude/length of satellite - by

angle 4 OOA. Let us designate difference in these longitudes/lengths

through angle •4AOC.

Page 370.

After dropping perpendicular from point K to equatorial plane, we

will obtain point N, moreover KN±OC. From L OKN follows

KN=0 -3nC, (n.7.1)QP, I- Ro. (ln.7.2)
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Let us connect points N and A and let us consi.der AONA, in which

LAON=q. OA=R+H, ON=R cos ý; therefore according to law of cosines

(AN)'-,(AO)2 +(ON)2-2(AO)(ON)cas(p, after substitution we obtain

(AN)' = (R+H),+RCO ,'-- 2R(R+ll)cos cosp. (fI.7.3)

In AAKN straight line AN. which lies at equatorial plane (orbIit

EAD it is equatorial), to perpendicular line FN. Therefore

(AK)' = (AN)' + (KKN-).

Taking into account (I.7.1) and ( r.7.3), afro; ,,esions we

find

(AK)- = (R + Hr + MR - 2R (R + H)cos C cos y. (n.7.4)

Let us consider now AAKO. Since plane P at point K is tangential

to the surface of the Earth, 4 AKOQ-n--
2

Therefore

(AK)' = (AO)' - (OK) - (R + H)' - M. (11.7.5)
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Fig. II.I.I. To the derivation of the formulas, which determine the

coordinates of the interacting stations.

Page 371.

Equalizing (11 .7.4) and (I .7.5), we will obtain

S= arc cos R (H.7.6)(R+Hl)ow

Let us now move on to more general case, when angle of elevation

of ground antenna to side of satellite is not equal to zero, i.e.,

4AKO= •-+P=. (1.7.7)

here J3 - angle of elevation.

From A AKO according to the theorem of the sines

AO OK

sin ( 4 AKO) 1sin(-; K AO)

Therefore
Rl - R

siny sin (4 KAO)
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Consequently, upon consideration of (F1.7.7)

4KAO =arc sin( R Cos

Since sum of angles f triarig>., is equal to 7r, and angle -jAXO=V,

Using for A A1KO >woi cosines, wei -vui.U obtain

(AI0s=- (.'O)l + (010 -' N AO) (0K) cos (.4 1KVA)

with substitution (17- 7.8) and the introduced earlier designations.

after conversions let us find

(AIOS =(R + HY + R1 2(R+ H) RcOsLy + arc sn cs A]-F (n..9

EEqualizing (F1.7.9) and (11.7.4), we will. obtain

-Cos IV ( r i R+H )~

Page 372.

Taking into account (11.7.7), and also known trigonometric

relationships/ratios

cz(a+ a) m oa.

we will obtain

Cosfarc os( +

However, after leading similar linings/ci~lculations, it is
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possible to obtain following relationship/ratio, which determines

azimuth angle of direction from ground station to ISZ [artificial

earth satellite]:

tg Asin tgip. (11.7.12)

Distance between terrestrial station and ISZ, designated through

L, is determined by straight line AK. In accordance with (.H.7.9) and

(11 .7.11)

L' (AK), = (R + H), I + 2 +----- cs n.713

Let us note that for stationary satellite relation

R 0 , 16 . (n . 7. 14)

R- 4-- - -
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Appendix 8.

VALUE OF COEFFICIENT OF WEAKENING OF INTERFERENCES FOR COMMUNICATION

SYSTEMS THROUGH ISZ AND FOR RRL.

Table n.8.1 gives values of KOP for RRL, calculated in [9.12]

according to expression (9.5.6) with different number of telephone

channels in RRL and along communication system through ISZ and with

different separation of carrier frequencies. During these

calculations it was accepted that in those cases, when in the

communication system through ISZ there is no charging (number of

transmitted signals equal to zero), it is introduced the dispersion of

the energy, which carries, upon which the peak value of the deviation

of frequency it is 300 kHz (see columns 2 and 3 of table).

In column of 3 tables is given value of frequency band on hf/VCh

for communication system through ISZ, found from expression

I3 =A = 2(A•an+Fs). (n 8. 1)

Here At... - peak deviation of frequency, determined from expression

(7.3-7);

F, - frequency of upper channel in the group spectrum of the

communication system through ISZ.

In columns 4 and 6 are given values of width of band of group

spectrum of systems in question.

In columns 5 and 7 values of efficient deviation of frequency

"At,', accepted for RRL and for communication system through ISZ in
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accordance with graphs Fig. 7.3.6 and formulas (7.3.7) are given.

In column 8 are indicated values of separation between carrier

frequencies, at which were performed calculations.

In columns 9-15 are given values K. (in dB), found for indicated

value of frequency F., being located in group spectrum, moreover

values x.>3oO dB are conditionally designated through "-0".

Table n.8.2 gives values of KOP for communication systems through

ISZ, Jesigned according to expression (9.5.6), In this case the

designations in the columns are accepted the same as in Table n.8.1.
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"Pages 373-376.

Table 11.8.1. Value K. for RRL (mixing signal from the system with

Uzs).

-AS1 I I

120 01 0,600 ,552 0,30010,33 0 18 177
20 3,0600. 0, 178 0 1 , 20,9
40 5.0700,!0168035 0 23, 7,1
so 8.300, 10,336 0,1 6217,2

1 480. 68,6
5012,900 10,130 ,3 01, 19,1

4 38,0 36,1
8 95.6 89,2

30021,800 1,202,420 0 21,4 21,5
427. 27,1
45,ti 44,2

12 74,5 72,7
60(37,500 2,524,080 0 23,7 23.7

25,7 25,7
8 32,0 31,9

12 42,4 42,2
iG57,01 .5,6,

24 98,6 97,9
120 06,000 5,04 30 0 26,0 26,04 26,7 267

28,8 28,8
12 32,3 32,3
16 37,3 37,21
24 51,3 51,21

432 71.0 70,8,
600 0 0,600,2,6600,8720,0010,3001 0 5.8 11,3 19,1 19,51

I 4 73,4 48,3 31,3 22,51
20 3,060 0,0840,178 0 3,6 17,1 19,4 19,4

I 1 1 0 , 81,7 37,9j 22 ,.4

40 3,070* 0,168-0357 0 6,5 10,4 18,2 19,64 60,0 42,7 30,21 22.6
.80 8,300 0,3360.710 3 0,3 12,9 19.44 34. 31,,. 27,41 22,4•

, !0, 03,7 106,7 81,,4
,150 12,900 0,6301,335 0 :712,0 12,8' 15,8

4 25.2 23,2 18,8
8 64:4 60,6 54,8 44,4
12 o.3,71103,7!03.7 98,9

300 121,80,260!2, 0 14.0 14,1 -1,4 15,4
4 19,5: 19,4 19,0 18,1

35.4 34,7 33,1 29,2
61,0 59,6 56,6 50,0

3710262400 97:0 1 34.4 189,9~ 80.5600 37,500 2, 4, 0 16 16,21 16,3' 16,7
4 18,2 18,212 18,

824,3 242 2 ,93 , 1 235 3
12 34,3 34,11 33,5 31,5"'-•
16 48,4. 47,9, 46,9 43,8
24 88.2j G97,S .6,1 79,7



1200 68000' 5,0407,0 0 18,5' 18,51 18,6 18.7
4 19,2 19,21 19,2 19,3
8 21,3 21,3! 21,3 21.2
12 24.8 24,71 24,7 24,5
16 29,6 29,6 29,5 29,0

43,:5 43,4 43,1 41,9
"" 63,0 62,7 62,2 60,3

om 0 0,00 4,1881,1020 ,0010,30 0 1,5j 7,3 18,1 18,9 20,3
j4 20 21,4 21,9 21,9 4,5
8 - -- 0 -0 ,1062 23,3

20 3,060 00840,178 0 --0,71 14,5 18,9, 18,9, 19,6
4 19.6 21,8 21,9 21 2,3
"8 -0 -0 -4 (12-

40 5,070 0,1680, 0 2,3 6,4 16,1 8,905S 20,5 21,3 2,9 21,9 5,3
8-0 -- 0 106.2 89:1 3,

80 8,300 710 0 5,2 62 9•,2 17,4 21,1
4 21:11 21,3 21,6 20,4 8,2
8 92,8 80,0 66,2 44.,6 24,1

12 -0 1-0 -o 106,2 95,8
150 12,900 0,I3013 70 8 8,0 8,19 12,0, 20,5

4 20,2 20, 1 18, 15,0 10 8845.6 43,4 39,4 32,5, 23:1'1,• 103. 7,8 89,6 73,7i 48,6
S1,80 1 2,420 0 101 10,2 10,5 11,5 15,4

15,4 15,3 15,0 14,11 13,1
29,6 29,1 27,9 24,6 18,4

12 50,8, 49,8 47,5 42,2 32,6
16 81,71 79,7 75,91 67,9 538

37,500 2,5204,080 0 12,21 12,3 12,4 12,71 14,2
4 14,2 14,2' 14 2 14,3 14,6
8 202 20:1 19:8 19;11 17,1
12. 29,9 29,7129,11 27,3 23,1
16 43.2 ,419, 39 ,9

24 8. 4 9.5,77,61 72.76,1

120066,000 5,0407,030 0 1 ,614,6 14,7 1,2
15,2 15,2 15,3 15,3 15,7
17,3 17,3 17,3 17.3 17,2
20,7 20,7 20,7 20,4 19,7

16 25,6 25,5 25,4 24,9 23,4
24 39,3 39,2 38,9 37,8 34,7
32 68,5 58,3 57,7 55,91 512

1200 0 0,600o5,684 1,23310,001 0,30o 0 -1,7 4,2 17,1 18,6 18,6 18,7,
4 18,6 18,6 18,6 21,0 1,3 20,1
8 102,9105,9 74,0 30,0 21,6 21,6

12 -0 -0 -0 -0 105,9 74,0

20 3,060 0,0840,178 0 -4.0 12,1 18,6 18.6 18,6 18,6;
4 18,6 18,6 18,6 21,5-1,0 21,6.
8 -0 -0 105,9 35,8 21,6 21,6

40 6,070 0,1680,357 0 -1,0 3,2 14,2 IL,6 18,6 18,7
4 18,6 18,6 18,7 20,9 2,0 17,20
8 102,9 88,9 61.1 28,9 21,6 21,6

12 -0 -0 -0 -0 105,9 71,1
60 8,300 0.33610,710 0 2,0 3,0 6,1 15,9 18,7 19,4

4 18,7 18,7 19,0 18,2 5,0 9,1
8 51,2 44,4 36,6 26,5 21,7 21,6

12 -0 105,9 105,9 105,9 54,2 36,6
150 12,900 0,630 1,335 0 1,6 4,9 5, 19,2 18,0 20,1

4 18,0 17,5 10,0 12,0 7,6 8,8
8 32,6 30,4 29,4 25.5 21.0 17,0

12 78,1 73,3 66 ,3 53,8 35,5 29,6
16 102,9102,9105,9105,9 81,2 66.3

30 21.800 1,2602,420 0 7,1 7,2 7,4 8,5 12,4 15,2
4 12,4 12•3 12,0 11, 18 0,0 10,4
8 25,1 24 0, 23,9 21,2 15,5 13,2

12 42,0 41,3 397 35,6 28,1 24,7
16 686 67,0 63,:8 56,9 45,0 40,0
24 102,•9102,9 102,9105,91059,1 985



I
60037,500 2,5204.080 0~ 9,2 9, 9. . 121.4 121121 11,3 11.6 11.9~

8 17,1 17,0 16,7 16,0 14,1 13,3
32 26,4 26,3 25,7 24,0 20,0 18,2
16 38,9 38,6 37,7 35,2 29,5 26,8
24 72,8 72,1 70,5 66,1 57,3 53,2
32 1029 102,9102,9102,9 97,4 92,0

120066,000 5,0407,030 0 11,5 11,5 11,5 11,7 12,2 12,6,
4 12,2 12,2 12,2 12,3 12,7 12,9-
8 14,3 14,2 14,2 14,2 14,1 14,1
12 17,7 17,7 17,6 17,4 16,7 16,2
16 22,5 22,41 22,3 21,8 20,4 19,5
24 36,1 36,03 36,6 34,61 31,5 29,9
32 54,9 54.7 54, 52,41 47,8 45,5

1800 0 0,600 8,204 1,059•0,0010,300 0-8,2 -22 13,9 18,2 18,2 18,2 19,5
4 18,2 18,2 18,2 18,2-5,2 16,9 21,2
8 19,5 2,6 21,2 21,2 21,2 21,2-5,2

12-0 -0 -0 105,5 22,5 21,2 21,2
16-0 -0 -0 -0 -0 -0 *22,5

20 3,060 0,08410,178 0-10,4 6,4 18,2 18,2 18,2 18,2 18,8
4 18,2 18,2 18,2 18,2-7,4 21,2 21,2
8 18,8 21,0 21,2 231,2 2,2 21,2-7,4
12-0 -0 -0 -( 21,8 21,2 21,2
16-0 -0 -0 -0 -0-o 2 1,8

40 5,070 0,168 0,3657 0-7,4-32 9,1 18,2 18,2 18,2 19,7
4 18,2 18,2 18,2 182--4,4 12,1 21,2
8 19,7 20,5 21,2 21,2 21,2 21,2-4,4
12-0 -0 105,5 87,3 22,7 21,2 21,2
16-0 -0 -0 -0 -0 105,5 22,7

80 8,330 0,3360,710 0-4,5-3,4-0,2 11,7 18,2 18,2 20,4
4 18,2 18,2 18,2 13.8-1,5 2,8 21,2
8 20,4 20,5 20,9 21,2 21,2 21,1-1,4
123 91,4 78,9 65,1 43,7 234 21,4 21,2
16 -0 -0 -0 105,5 94,4 65,1 23,4

15012,900 0,630 1,335 0L 1,7 -1,4 - 0,5 3,1 15,0 17,9 20,7
4115,0 13,8 11,3 5,9-1,3 2,5 18,0
820,7 20,8 20,9 21,1 18,0 11,8 1,3
12 44,7 42,5 38,6 31,7 23,8 22,1 18,0
16102,5 96,5 88,6 72,7 47,8 38,7 23,8

30021,800 1,2602,420 0 0,8 0,9 1,2 2,3 6,5 9,6 19,4
4 6,5 6,4 6,0 4,9 3,8 4,.2 9,5
8 19,4 19,1 18,4 15,7 9,5 7,1 3,8

12 30,5 30,3 2S,5 27,3 22,4 19,4 9,5
1 50,2 49,2 47,1 42,0 33,6 30,2 22,4
24 102,5102,51025100,8 83,8 75,1 53,2

60037,500 2,5204,080 0 3,0 3 3,2 3,5 5,1 6,2 11,1
4 5,1 5.1 5, 5,1 5,4 5,8 8,0
8 11,1 11,0 10,7 9,9 8,0 7,1 6,0

12 20,4 20,3 19,7 18,0 14,0 12,2 8,1
18 31,9 31,7 31,0 2S,8 23.4 20,6 14,1
24 60,8 60,3 59,0 55,4 48,0 44,5 34,9
32 102,5 100,8 98,5 94,1 83,3 78,1 63,8

120066,000 5,0407,030 0 5,4 5,4 5,4 5.5 6,01 6,4 8,1
4 6,0 6,3 6,1 6,•2 6,51 6,8 8,08 8,1 8,1 8,1 8.1 8,0 7,9 8,0
12 11,6 11,5 11,5 11,3 10,5 10,1 9,0

16 16,4 16,3 16,21 15,71 14,2 13,4 11,1
PT 30,0 29,8 29,5 28,5 25,4 23,6 19,4
321 48,5 48,3 47,8 46,0 41,61 39,3 33,0

Key: (1). -Number of telephone channels. (2). MHz. (3). , dB,

with following values F4 of RRL, MHz
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Pages 377-380.

Table I1.8.2. Value K, for the systems with ISZ (interfering signal

from RRL).

(____ qHA A* F / A i.0. np"= CJIe~IHX &Ja"HHaX

___P- L I j Q 10 0.6 11.0 12,o 4.0 5.0 ,80

1 1 21 3 4 ..5L a 16 7 18 9 .1011it1 I 13 14 115I I I I I

120 20 3,060 0,5520,195 0,0840•,178 0 34,6

40 5,070 0,168 0,357 0 34,2

80 8,300, 0,330,710 0 33,9
4 98,3

150 12,900 0,6301,335 0 33,8 34,1

4 53,0 51,1

300 21,800 1,2602,420 0 32,5 32,6 32,9

4 38.4 38,3 37,9

8 56,1 55,3 53,3

12 85,7 83,8 80,1

600 37,500 2,5204,080 0 30,3 30,3 30,430,8

4 32,4 32,4 32,432,4

8 38,6 38,5 38,3 37,4

12 49,0 48,8 48,146,1
16 63,6 63.2 62,058,7

24 105,3104,5 102,0 96,3

1200 66,000 5,0407,030 0 28,3 28,4 28,4128,5 290294
100 4 29,0 29,1 29,129,229,5 9,.8

8 31,2 31,2 3!,131,13I ,O0IW .

12 34,7 34,6 34,634,4 33,6331
16 39,6 39,5 39,438,9 37,436,5

N4 53,6 53,5 53,2 52,0 48,8 47,2
32 73,3 73,1 72,570,6 .8,3,4

600 20 3,060 2,6600,872 0,084 0,178 3 0 34,8

40 5,070 0,1680,337 0 34,21 4 88,2

80 8,300 0,336071 0 34,5

I 4 59,.,

160 12,900 601,331 0 34,2' 34,4

8 86,9 83,1

300 21,8G0 1,2602,420 0 32,6 32,7 33,0

4 38,13803,
8 64, 5:3 51,

,12 79, 78,21 75,2



600 37.5W .2 4,080 0 30o3 3o , 3,
4 32.3 &i,3 32.332,4
8 38,4 38,31 38,037,2

12 48,4 48,2 47,646,7

16 62,5 62.1 61,057.9
24 102,3101 .4 99,293 .8

4 290 29,0•0 29,029 129,529,8
831,1 31,1 31,131,0 30,9 30,9

12 34,6 34,5 34,5 34,3 33,5 33,1
16 39.4 39.4 39,3 38.8 37,3 36,4
24 53,3 53,2 52,9 51748,647,0

-- 432 72,8 72,5 72,0 70,65,363,0
-960 0 3,060 4.18 I 10840 ,178 0 34,4•

S•4 54.7

4050 ,35 0 .34,4

S80 
0 34,2

150 12,900 630 5 4 50,2
.' 113M 0 34,1 34,41 4 46,9 4$,4

0 8 71,9 69,7
3002280 1282,20 0 32,6 32,7 32,9

4 37,9 37,8 37,5
8 52,1 51,6 50,4

12 73,2 72,2 69,9
16 104,1 102,2 98,3

600 37,500 Iwo24,080 0 30,2 30,3 30,430,7

4 2,2 329.2 32,232,3
12 47,9 47,77 47.145,3

1 81,2 60,8 59.957,0

24 9 97.596,9-1200 6,ooo0 5,0407,0 0 28. 28,2 2 8:32 42 ,

8 31.0 31,0 31,0 30,930,830.8

12 34,4 34,4 34,334,133,433 0
16 39,2 39,2 39,138.637.136:3
24 53,0152,9 52,6 51.448,446,7
32 72,•2 72,0 71,469,564,962,

1200 20 3,060 5,684 1,233 0,08410,178 0 34,1

4 56,7
40 5,070 0,168i0,357 0 34,1

4 53,7
80 8,300 0, 3 o0,710 0 30

]4 5 0 ,7 1

S83,2
150 12#900 0,630 1,335 0 34,0 34,3 ,.Q•

4 47,3 46,8
8 61,8 60,8

4



30 21,,0 I,2602,420 0 ,6 32,7j 32,9

4 37,91 37,8 37,5

8 50,6 50,3 49,4

12 67,5 66,8 65,2

16 94,1 92,5 89,3

600 37,500 2,5204,080 0 30,2 30,2 3,30,7

4 32,2 32,2 32,232,2

8 38,0 38,0 37,737.0

12 47,4 47,.3 46,745,0

16 59,9 59,6 56,756,2

24 93,8 93,1 91,487,1

1200 1200 66,000 5,6841,2335,0407,030 0 28,2 28,2 28,228,428,929,3

4 28,9 28,9 28,929,029,429.6

8 30,9 30,9 30,930,930,830,8

12 34,4 34,:3 34,334,133,332,9

16 39,2 39.1 39,038,537,036.2

24 52,7 52,6 52,3 51,2 48,2 46,6
32 71,6 71.4 70,9 91456.

1800 20 3,060 8,20411,0590,0840,178 33,8

4 62,4
8 63,0

40 ,07100,1680,357 0 33,8
4 59,4

80 8,300 0,M30,710 8 60.9

•50 6: 0 33,7H4 56,4
8 58.5

150 12,900 0,6301,335 0 33.7 34,0
4 50,5 49,3

8 56,2 56,2

12 80,2 78.0

300 21.800 1,2602,420 0 32,4 32,5 32,8
4 38,1 38,0 37,6

8 51,0 50,7 49,9

12 62,1 61,8 61,1

18 81,e 80,8 78,6

600 37,50 .5204,080 0 30,1 30, 1' A330,6

4 32:2 32,2 32,232,2

8 39,1 38,1 37,837,0

12 47,5 47,3 46,845,1

16 59,0 58., 58,155,9

24 87,9 87,4 86,182.5

200 36,000 5.0407,030 0 28,1 28,2 28,228,328,829,2

4 28,8 28,8 28,929,029,329.6

8 30, 30,9 30,93, 083,1 34:39
2 4 34,3 34,3341 33.329

16 39,2 39,1 39,038,537,03612

24 52,7 52,6 52,3 51,248,246,6

32 71,3 71,1 70,6 68,864,462.1



Key: (1). Number of telephone channels. (2). M~z. (3). •., dB,

with following values of ISZ, MHz.

Pages 381-383.

No Typing.
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